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ABSTRACT

BACKGROUND: Anti-angiogenic therapy is used in the treatment of many solid malignant neoplasmes,
both alone and in combination with immunotherapy, targeted therapy, and chemotherapy. Complications
of drug therapy for malignant neoplasms may necessitate the permanent discontinuation of antitumor
therapy, resulting in disability. These complications include bone disorders. Osteonecrosis of the jaw
is most commonly associated with bone-modifying agents (bisphosphonates); however, it is extremely
rare with other drugs. Necrosis of the femur is even less common. CLINICAL CASE DESCRIPTION:
This article presents a clinical case of bilateral avascular necrosis of the femoral head in a patient with
disseminated non-small cell lung cancer who was receiving long-term combination immunotherapy and
targeted therapy. CONCLUSION: Avascular necrosis of the femoral head is a major concern, considering
the expanding range of drug therapies for various malignant neoplasms and novel combination therapy
options. The lack of a clear algorithm for managing patients with this serious complication of antitumor
drug therapy highlights the relevance of this issue.
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BACKGROUND

Aseptic avascular bone necrosis (osteonecrosis)
is a rare condition caused by impaired blood supply.
Common causes include local trauma, prolonged
corticosteroid use, alcohol abuse, radiotherapy,
and systemic diseases. In our clinical practice, we
encountered a case of aseptic avascular necrosis of
the femoral head in a 51-year-old patient receiving drug
therapy for advanced non-small cell lung cancer.

We believe that osteonecrosis in oncology is
underrecognized, and there is still no clearly defined
algorithm for managing patients with this serious
complication of antitumor therapy. The aim of this
report is to draw attention to this issue.

CLINICAL CASE DESCRIPTION

PATIENT INFORMATION

A 51-year-old patient with a smoking history of more
than 30 years and no remarkable comorbidities.

© Eco-Vector, 2026
The article can be used under the CC BY-NC-ND 4 license

Anamnesis morbi. In February 2021,
adenocarcinoma of the right upper lobe (Fig. 1) with
metastases to the right hilar and mediastinal lymph
nodes was diagnosed. The patient presented to
the N.N. Blokhin National Medical Research Center
of Oncology for further treatment. A biopsy was
performed: histologically, a wild-type tumor was
identified, with no mutations in the ALK, ROS1, or
EGFR genes, and no expression of PD-L1 (CD274)
(clone 22C3, TPS=0%, CPS=2). The disease extent
was staged as T1cN2M1c-IVB, ECOG performance
status 1. Based on a multidisciplinary tumor board
decision, first-line therapy with paclitaxel/carboplatin/
atezolizumab/bevacizumab was initiated.

From March 3, 2021, to May 6, 2021, the patient
received four cycles of treatment. On May 21, 2021,
a partial response (-36% according to RECIST 1.1;
Fig. 2) was demonstrated. Accordingly, on June 1, 2021,
the patient was switched to maintenance therapy with
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AHHOTALNA

O60ocHoBaHue. AHTVaHIMOreHHasi Tepanus NMPUMEHSIETCST B JIEYEHUN MHOMX COIMAHbIX 3/10Ka4eCTBEH-
HbIX HOBOOBPAa30BaHU Kak CaMOCTOSITE/IbHO, TaK U B KOMOVHaUuM ¢ UMMYHOTapreTHoON u xmMmmuotepa-
rnmen. Pa3Butne OC/IOXKHEHWI IEKaPCTBEHHOM Teparnnn 3/10Ka4eCTBEHHbIX HOBOOOPa30BaHW, O4HUM U3
KOTOPbIX SIBASIETCS NaToOA0rMsi KOCTHON TKaHW, MOXXET MPpUBOAUTbL K MOJIHOMY MPEKPALLEHUIO MPOTHUBO-
Oryxo1eBOIro JIeHEHUsT Y HBaMAan3aumum naymneHTa. Yawye Bcero npy 3TOM pa3BUBAETCS OCTEOHEKPO3
YesIIOCTU KaK OCJIOXKHEHME MPUMEHEHUS OCTEOMOANULIMPYIOLLNX areHToB, buchocphoHaToB U KpariHe
PEOKO Kakux-nnbo [pyrvx npenapatos. Eé pexxe BcTpedaeTcs HEKPO3 beapeHHbIX KocTel. Onuca-
HUe K/IMHu4ecKkoro cny4yas. [lpefcraBneHo KIMHUYeCcKoe HabogeHne acenTm4eCcKoro aBacKy/aspHO-
ro HeKpo3a ros0BoOK 6e[peHHbIX KOCTeN C 4ByX CTOPOH y nauueHTa C AUCCEMUHUPOBaHHbIM HEMETKO-
KJIETOYHbIM PaKoM JIErKoro, A/IMTE/IbHO 0/1yHaroLero KOMOUHUPOBaHHYK UMMYHOTapPreTHy0 Teparuio.
3aknrodeHne. HacTopO)XeHHOCTb B OTHOLLEHWUY aBacKyJIsIPHOMO HEKPO3a rosIoBOK OeApeHHbIX KOCTel
0byc0B/IeHa pacLUNpPEeHNEM CEKTPA JIEKaPCTBEHHbIX areHTOB, MPUMEHSIEMbIX /15 JIEYEHUST Pas3/INYHbIX
3/10Ka4eCTBEHHbIX HOBOOBOPAa3oBaHU 1 CO34aHns HOBbIX KOMOuHaumi. OTCyTCTBMe YETKOMro aaroputma
BEAEHWS NaUNeHTOB C TaKUM rPO3HbIM OCJI0XKHEHUEM MPOTUBOOIMYX0/IEBON JIEKaPCTBEHHON Tepanum Tpe-
OyeT rnpuBAe4YeHUsI BHUMaHWs1 K 3TOW rpobieme.

KnroueBbie cnoBa: pak 1Erkoro; acerntu4ecKuil HeKpPO3 rof0BKU GefpeHHON KoCTu, ate30au3ymad;
b6esaynsymab; aHTu-VEGF; nmMmyHoTepanus.
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atezolizumab and bevacizumab every 21 days, with
a reduction in the bevacizumab dose from 7.5 mg/kg
to 5 mg/kg due to recurrent episodes of epistaxis.
During follow-up, the tumor remained stable.

In December 2021, the patient reported migratory
pain in the hip, knee, and ankle joints bilaterally,
without clear localization or association with physical
activity. No joint swelling or hyperemia was observed.
A physician and an orthopedic surgeon diagnosed
right-sided grade Il coxarthrosis. Nonsteroidal
anti-inflammatory drugs were prescribed for pain
relief, with no effect. Rheumatologic consultation
excluded rheumatoid arthritis. The bone pain was
interpreted as grade |l immune-mediated arthritis
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associated with immunotherapy. Treatment with oral
methylprednisolone at a dose of 0.5 mg/kg was initiated
according to established management algorithms
for immune-related adverse events associated with
immune checkpoint inhibitors.

On January 11, 2022, atezolizumab therapy was
suspended. During corticosteroid therapy, clinical
improvement was observed: joint pain resolved;
mobility improved, and the patient discontinued
analgesics.

Corticosteroid therapy was continued for one month
with gradual tapering to complete discontinuation.
Maintenance therapy with atezolizumab and
bevacizumab was subsequently resumed. Follow-up
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Computed tomography (axial view) at initial
presentation (February 5, 2021). A lesion is identified in
segment S2 of the right upper lobe, characterized by an
ill-defined, spiculated margin and heterogeneous structure,
measuring 3.0x2.0 cm, with a broad base abutting the
pleura over a length of up to 3 cm.

B

Fig. 1.

imaging demonstrated persistent partial tumor
response, with no evidence of bone metastases.

In March 2022, persistent pain in the hip joint
recurred, radiating to the groin and worsening with
movement. Nonsteroidal anti-inflammatory drugs and
corticosteroid therapy were resumed, but with no
effect. On March 22, 2022, weight-bearing on the right
leg became nearly impossible, and the patient required
crutches for ambulation. Sciatic nerve compression
was suspected by a neurologist, and medical therapy
was initiated without any clinical benefit. Antitumor
therapy was completely discontinued on April 26, 2022.

Diagnostic assessment

Computed tomography (CT) performed on April 27,
2022, revealed a comminuted fracture of the right
femoral head and an impression fracture of the
left femoral head without displacement or signs of
healing (Fig. 3a). Retrospective review of computed
tomography scans dated January 21, 2022 (at the
time of symptom onset) demonstrated subchondral
changes in the femoral heads, more pronounced
on the right, characterized by a geographic pattern
and early flattening of the articular surfaces (Fig. 3b).
Other potential causes of the identified fractures were
excluded, and the complication was attributed to the
adverse effects of targeted therapy.

www.clinpractice.ru

Fig. 2. Computed tomography (axial view), May 21, 2021,
after four cycles of first-line systemic therapy. The size of
the nodular lesion with an ill-defined, spiculated margin in
segment S2 of the right lung decreased to 2.4x1.5 cm. The
structure became more heterogeneous due to a reduction
in the solid component. Broad-based contact with the
pleura persists over a length of up to 2.7 cm.

Treatment

The patient was prescribed symptomatic therapy,
including vitamins, nonsteroidal anti-inflammatory
drugs, and bisphosphonates. CT and magnetic
resonance imaging (MRI) of the knee joints revealed no
similar changes; only early degenerative changes were
noted bilaterally. The patient’'s ECOG performance
status was 2.

The patient declined the proposed surgical
treatment of avascular necrosis of the femoral heads,
including bilateral hip arthroplasty.

Follow-up and outcomes

During active follow-up, no progression of the
tumor process was observed as of November 2022
(Fig. 4, Fig. 5). In the presence of a comminuted
fracture, progressive osteolysis was noted at the
junction of the femoral head and neck in the right hip
joint, with no signs of healing. The fracture fragments
demonstrated sclerotic margins, with a tendency
toward pseudarthrosis formation. On the left side,
partial lysis of the femoral head developed in the
setting of avascular necrosis. Bilaterally, synovitis and
subluxation of the hip joints progressed, along with
worsening of deforming osteoarthritis.

At subsequent follow-up in December 2024, further
reduction of mediastinal lymph nodes was observed,
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Fig. 3. Computed tomography (coronal reconstruction) of the hip joints. April 27, 2022 (a), geographic pattern changes,
more extensive on the right, with the appearance of a comminuted fracture without signs of healing; findings on the left
remain stable. January 21, 2022 (b), subchondral regions of both femoral heads demonstrate areas with a geographic
pattern, characterized by alternating concentric zones of bone rarefaction and sclerosis.

Fig. 4. Computed tomography (coronal reconstruction) of the femora (a), and
magnetic resonance imaging, T2-TIRM sequence in the coronal plane (b),
November 14, 2022. A comminuted fracture of the right femoral head persists
without signs of healing, with sclerotic margins of the bone fragments
(suggestive of pseudarthrosis formation). On the left, partial lysis of the femoral
head is observed. Bilaterally, marked synovitis with para-articular extension is
present. The acetabular roofs show erosive changes, while subchondral regions
are relatively preserved. Bilateral hip subluxations are noted.

whereas the primary tumor in the right lung remained
stable. In the femoral bones (see Fig. 5), previously
described changes associated with avascular
necrosis of the femoral heads showed further negative
orthopedic progression. In the area of the comminuted
fracture of the right femoral head, no signs of healing
were observed, with multiple separated bone fragments
persisting, characterized by sclerotic margins. On the
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Fig. 5. Computed tomography (coronal
reconstruction), November 22, 2024.
A comminuted fracture of the right
femoral head persists without signs
of healing. Progressive lysis of the left
femoral head is observed. Bilaterally,
there is progression of femoral
head subluxation and deformity of
the acetabular roofs, accompanied
by pelvic ring deformity and the
development of lower limb length
discrepancy.

left side, femoral head lysis progressed. Bilaterally,
the acetabular roofs demonstrated increasing erosive
changes. Progressive deformation of the pelvic ring
and limb length discrepancy were noted. The patient
required a wheelchair for mobility. No progression of
degenerative changes in the knee joints was observed.
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Prognosis

Combination therapy, integrating chemotherapy
with immunotherapy and a targeted agent, followed
by maintenance immunotherapy and a targeted agent
for one year, achieved a favorable antitumor response
and sustained disease stabilization. However, the
developed complications led to patient disability and
necessitated treatment discontinuation. The patient
has been under follow-up for more than 3 years.
The prognosis is unfavorable: in the event of disease
progression, further antitumor drug therapy will be
limited due to the patient’s general condition (ECOG
performance status 3) and restricted treatment options.

Timeline

The interval between the onset of initial symptoms
and the initiation of antitumor therapy for lung cancer
was 4 months. The duration of treatment was 11 months,
and the total follow-up period was 4.5 years.

DISCUSSION

The etiology of bone necrosis remains unclear.
Interest in this topic is growing due to the expanding
array of pharmaceutical agents available for
treating malignant neoplasms and developing novel
combination regimens.

The issue of avascular necrosis of the femoral
head (ANFH) associated with bevacizumab is of
increasing relevance because of the widespread use
of anti-angiogenic agents and immunotherapies. This
is a severe and progressive condition that leads to
disability and remarkably impairs patients’ quality of life.

According to the World Health Organization,
approximately 100,000-150,000 cases of nontraumatic
avascular necrosis of the femoral head are diagnosed
annually worldwide. This condition most commonly
occurs in young men aged 20-50 years [1, 2]. Bilateral
involvement is observed in 70%-80% of cases [3-5].
There are currently no epidemiological data on the
incidence of ANFH in the Russian Federation.

It is generally accepted that the most common
causes of ANFH are prolonged corticosteroid use
(up to 70%) and alcohol consumption (up to 30%),
which lead to lipid metabolism disorders, osteoporosis,
and arteriopathy [6, 7]. The reported incidence of ANFH
associated with bevacizumab is approximately 1%-2%
with long-term use [8, 9]. The published data suggests
that patients receiving anti-angiogenic agents have
an increased risk of osteonecrosis compared with
the general population; however, precise data on its
prevalence remains limited.

www.clinpractice.ru

Specific features of ANFH development may be
related to the mechanism of action of bevacizumab.
This recombinant humanized monoclonal antibody
inhibits vascular endothelial growth factor (VEGF) by
binding with high-affinity to two receptors VEGFR-1
and VEGFR-2 on the surface of endothelial cells.
Angiogenesis is regulated by a balance between proteins
with opposing functions, including proangiogenic
factors such as VEGF and antiangiogenic factors such
as thrombospondin-1. This balance is maintained
under normal homeostatic conditions; however, in
malignancy, it shifts toward proangiogenesis due to
tumor hypoxia associated with rapid cell proliferation,
as well as activation of plasminogen and collagenase
by macrophages and tumor-associated fibroblasts
[10-12]. VEGF is considered a key mediator of tumor
angiogenesis and is highly expressed in many solid
tumors; therefore, inhibition of VEGF signaling has
antitumor activity. Bevacizumab blocks VEGF, leading
to reduced vascular permeability and the development
of ischemic changes, particularly in bone structures
with pre-existing impairment of blood supply. The
predilection of these adverse effects for specific
skeletal sites remains unclear.

According to the publications, the most common
serious complications associated with bevacizumab
include thromboembolic events, bleeding, hypertension,
gastrointestinal perforation, and impaired wound
healing [13]. Cases of laryngeal necrosis [14], nasal
septum perforation [15], and osteonecrosis of the jaw
[16, 17] have also been reported. In the pathogenesis
of osteonecrosis, functional activity of T and
B lymphocytes may play its role, as they influence
osteoclast regulation. The total count of lymphocytes,
T-suppressor cells (CD3+, CD8+), CD3+ T cells, and
B1 lymphocytes (CD5+, CD19+) is remarkably higher in
patients with ANFH compared with healthy individuals
[18, 19], which may contribute to the development
of ANFH during antitumor immunotherapy. Genetic
predisposition cannot be excluded, including the C677T
mutation of the MTHFR gene [20] and polymorphisms
of platelet integrins (ITGA2, ITGB3) [21]. Anatomical
and structural features of the femoral head may also
play an important role.

The diagnosis of osteonecrosis of the ANFH is
challenging, particularly in the early stages, as its
clinical presentation is often subtle and variable.
Patients typically report pain in the groin, buttock,
lower back, or knee region. The pain may be associated
with movement or, conversely, may worsen at night
and at rest [6, 22]. Physical examination usually reveals
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no swelling, hyperemia, joint deformity, or sensory

disturbances; however, limitation of hip mobility and

muscle atrophy may develop in cases of prolonged
pain (more than 6 weeks).

Accurate determination of disease stage, as well
as the extent and location of necrosis, is essential
for selecting a treatment strategy and predicting
prognosis. Several staging systems for ANFH have
been proposed [23-29]:

* Ficat and Arlet classification;

e Steinberg classification;

e Association Research Circulation Osseous (ARCO)
classification;

® Japanese
classification;

* modified Kerboul classification.

Each of these systems has its advantages and
limitations, and none has been universally accepted.
The ARCO classification is the most commonly used;
it was first proposed in 1994 and has undergone
periodic revisions. The most recent update (2019)
incorporates radiographic findings in combination
with MRI data and clinical presentation. A variety of
imaging modalities are used in the diagnosis of ANFH,
including plain radiography, bone scintigraphy, MRI,
and CT. Radiography of the hip joint has low sensitivity,
particularly in the early stages of necrosis; therefore,
MRI is the modality of choice in this setting [30-32].

In 2017, ARCO proposed a classification scheme
for ANFH associated with corticosteroid use and
alcohol consumption to standardize clinical research,
developed using Delphi consensus methods. The
diagnostic criteria for corticosteroid-associated ANFH
include the following:

1) a history of corticosteroid use (prednisolone) for
more than 2 years or high-dose exposure for at
least 3 months;

2) diagnosis of osteonecrosis within 2 years after
corticosteroid use;

3) absence of other risk factors aside
corticosteroid exposure [33].

In our case, the dose of methylprednisolone was
remarkably below the threshold, which precludes
classification of this case as glucocorticoid-associated
ANFH.

If the development of ANFH is related to alcohol
consumption, the patient should meet the following
criteria:

1) a history of alcohol intake exceeding 400 mL per week
(approximately 320 g/week of ethanol, regardless of
beverage type) for more than 6 months;

Orthopedic Association (JOA)

from
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2) diagnosis of osteonecrosis of the femoral head
within 1 year after such alcohol exposure;

3) absence of other risk factors apart from alcohol
abuse [32, 34].

In our case, the patient did not abuse alcohol.

ARCO staging system:

e Stage 0: No clinical signs or abnormalities on X-ray
or MRI scans. The diagnosis is established by
biopsy findings only. However, because patients are
asymptomatic and do not seek medical attention,
diagnosis at this stage is virtually impossible;
therefore, it was removed in the 2019 revision of the
classification.

e Stage I: Minimal clinical manifestations with no
abnormalities on plain radiographs. Lesions are
detectable by radionuclide imaging and/or MRI.

e Stage llI: Persistent clinical signs are present. Plain
X-ray, MRI, and radionuclide studies demonstrate
early signs of osteonecrosis in the femoral head,
characterized by trabecular bone changes without
alteration of the articular surface or joint space,
and without subchondral fracture.

e Stage llIl: Persistent clinical signs are present.
Imaging studies confirm trabecular bone changes
and the presence of a subchondral fracture
(crescent sign or subchondral collapse), whereas
the joint space is preserved. This stage is
subdivided into llIA (depression <2 mm) and IIIB
(depression >2 mm), depending on the depth of
femoral head collapse.

e Stage IV: Clinical signs are present. Imaging studies
demonstrate signs of osteoarthritis, including
deformity of the femoral head, acetabular changes,
and joint space narrowing. Flattening (impression)
of the femoral head is observed.

It should be acknowledged that in patients with active
malignancy, particularly those with bone metastases,
the diagnosis of ANFH may be challenging.

Management of patients with ANFH is typically
undertaken by rheumatologists and orthopedic surgeons.
Treatment approaches can be broadly divided into
two groups: conservative (pain control, joint unloading
through activity restriction, osteotropic therapy,
antiresorptive  therapy, vascular pharmacotherapy,
vitamin supplementation, physiotherapy, and therapeutic
exercise) and surgical (core decompression of the
necrotic lesion, osteotomy, arthroplasty, vascularized
bone grafting, and joint-preserving reconstructive
procedures).

At early stages (ARCO I-ll), conservative
treatment may be considered, aiming to improve
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microcirculation and bone nutrition with preserving
joint function and reducing load on the affected limb.
A multimodal therapeutic approach may include
nonsteroidal anti-inflammatory drugs, calcium
supplements, bisphosphonates, anticoagulants
and antiplatelet agents, statins, as well as vitamins
B and D [32, 35-42]. However, the efficacy of
these pharmacological interventions has not been
conclusively established yet.

Additionally, intra-articular injections of hyaluronic
acid may be used at all stages to improve joint
function, along with modern physiotherapeutic
modalities (shockwave therapy, phonophoresis/
electrophonophoresis, high-intensity laser therapy
[HILT], electromagnetic field therapy, and massage)
[43-50].

There is no ideal surgical treatment for ANFH. Core
decompression of the necrotic lesion remains the
standard approach at early stages of ANFH [50-54].
However, over time, the effectiveness of decompression
techniques has been questioned [55], leading to the
development of combined approaches, including
decompression with intra-articular administration of
bone marrow aspirate or stem cells, which require
further investigation [56-61].

For ARCO stage llIIA, treatment options include
osteotomy with the use of a vascularized bone autograft
[50, 62, 63], whereas total hip arthroplasty is considered
for advanced stages IlIB and IV [50, 64-67]. The use of
vascularized fibular autografts has been associated
with remission in 64.5% of cases, with preservation
of the anatomical shape of the femoral head during
follow-up of =5 years [68-71].

Diagnostic and therapeutic algorithms for the
management of patients with ANFH are outlined in
the clinical guidelines of the Russian Association of
Traumatologists and Orthopedists (2020) [50]. In all
cases, the treatment strategy should be individualized,
taking into account patient age, extent of bone
involvement, severity of symptoms, comorbidities, and
patient preferences.

CONCLUSION

In oncology practice, ANFH is a relatively rare
condition. Affected patients typically have multiple risk
factors, including corticosteroid use, chemotherapy,
hormone-deprivation  therapy, malnutrition, and
physical inactivity. Additionally, anti-angiogenic agents
and mixed-origin coagulopathy may contribute to
angiopathy, leading to degenerative changes in bone
and cartilage tissue.
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Evaluation of the hip joint is not part of routine
assessment in patients with solid tumors, which
creates additional challenges in diagnosing this serious
complication. Delayed diagnosis may adversely affect
prognosis; therefore, clinicians should remain aware
of the potential development of ANFH and promote
interdisciplinary collaboration with related specialties.
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