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TIPIC syndrome in a patient
following sorafenib treatment
for acute myeloid leukemia: a
rare case report

Chang Chen', Jinman Zhong', Wanzhen Hu, Jiewen Tan
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Departments of Hematology, Shunde Hospital, Southern Medical University (The First People’s
Hospital of Shunde), Foshan, Guangdong, China

Transient Perivascular Inflammation of the\ Carotid Artery (TIPIC) syndrome is
uncommon, and cases of TIPIC induced by the targeted drug, sorafenib, are
extremely rare. This case report describes a patient with acute myeloid leukemia
carrying an FMS-like tyrosine kinase 3 mutation, who developed TIPIC syndrome,
which may have been induced by sorafenib treatment. A 65-year-old woman
diagnosed with acute myeloid leukemia experienced severe neck pain and
sclerotic blisters on her palms and soles during sorafenib treatment. Carotid
ultrasound revealed thickening of the right common carotid artery (RCCA) wall,
and magnetic resonance imaging revealed perivascular tissue edema in the distal
RCCA. Following clinical and imaging assessments, the patient was diagnosed
with TIPIC syndrome. Treatment involved a one-week course of oral steroid
therapy with dexamethasone and non-steroidal anti-inflammatory drugs, which
led to complete clinical recovery. TIPIC syndrome involves transient nonspecific
perivascular inflammation of the carotid adventitia; however, the precise
underlying cause remains unclear. In this study, we report a rare case and
explore the potential pathophysiological mechanisms through a review of the
existing literature.
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Introduction

Transient Perivascular Inflammation of the Carotid Artery (TIPIC) is a rare disease
with an extremely low incidence. It is characterized by transient nonspecific perivascular
inflammation of the carotid adventitia. Owing to the uncommon nature of TIPIC, its
etiology is not well known. To the best of our knowledge, TIPIC syndrome has not been
reported in sorafenib-treated patients with acute myeloid leukemia. To address this gap, we
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report this case and conduct a literature review to deepen our
understanding of this rare disease and investigate the potential
mechanisms underlying sorafenib-induced TIPIC syndrome. Our
aim was to provide valuable insights for clinical practice.

Case presentation

A 65-year-old woman was diagnosed with acute myeloid
leukemia (AML-M2a subtype) on July 18, 2023, accompanied by
mutations in FMS-like tyrosine kinase 3 (FLT3)-ITD, NPM1, TET2,
EZH2, and other genes. However, the patient had a medical history
of hypothyroidism and hypertension, which were managed with
thyroxine replacement and antihypertensive therapy. Moreover, the
patient consented to undergo a single cycle of decitabine,
aclarubicin, cytarabine, and granulocyte colony-stimulating factor
(D-CAG) regimen as induction chemotherapy. In addition,
subsequent evaluation revealed complete remission (CR)
morphologically, with negative minimal residual disease (MRD)
testing by flow cytometry. Following this, the patient underwent
three additional cycles of the same D-CAG regimen as
consolidation chemotherapy. However, the patients’ FLT3
quantitative analysis consistently indicated positivity, with
fluctuations between 23.7% and 30.3%. To achieve a deeper
molecular response, sorafenib, an FLT3 inhibitor, was initiated as
a targeted therapy on December 13, 2023. Additionally, D-CAG
regimen was used on December 13, 2023 and the last time
granulocyte colony-stimulating factor (G-CSF) was used in this
cycle of chemotherapy was on December 28, 2023. The
administration of sorafenib was temporarily halted during the
period of myelosuppression following chemotherapy, attributed to
neutropenia. Upon discharge, the patient experienced a recovery in
bone marrow hematopoiesis and subsequently resumed sorafenib
treatment on January 6, 2024. After initiating sorafenib treatment,
the patient was readmitted to the hospital on January 10, 2024,
presenting with acute, persistent, and severe pain localized to the
right side of the neck. This was accompanied by symptoms
consistent with hand-foot syndrome, characterized by sclerosing
blisters on both the palms and soles. The schematic diagram for the
patient timeline information is shown (Supplementary Figure 1).
Physical examination revealed tenderness in the right cervical
region and the absence of palpable swelling or local skin infection
and damage. A series of neurologic assessments were normal,
including mental status, muscle strength, sensory, reflexes, and
autonomic nervous system. The patient had no recent history of
cervical trauma, vascular disease, or infection. Complete blood
count, inflammatory marker such as C-reactive protein and
autoimmune vasculitis antibodies were found to be normal.
Cervical vascular Doppler ultrasound is widely used in clinical
examinations owing to its convenience. Meanwhile, high-resolution
vessel wall MRI has proven to be an optimal method of directly
displaying the features of vascular diseases. Given these advantages,
we opted for cervical vascular Doppler ultrasound (Equipment
brand: HITACHI, type: ARIETTA 70) and magnetic resonance
angiography (Equipment brand: SIEMENS, type: KYRA 3.0 T) to
investigate the etiology of neck pain (1). Doppler ultrasound scan of
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the neck revealed eccentric thickening of the arterial wall extending
from the upper right common carotid artery (CCA) to the
bifurcation, particularly on the posteromedial wall. The boundary
between the arterial wall and surrounding tissue was indistinct. MRI
images revealed mild luminal narrowing and uniform wall
thickening in the mid-to-distal segments of the right CCA,
extending into the internal carotid artery (ICA). Additionally,
post-contrast MRI images showed significant homogeneous
enhancement of the thickened vessel walls (Figure 1). Therefore,
the patient was diagnosed with TIPIC syndrome based on clinical
and imaging findings. We suspected TIPIC due to sorafenib, so we
stopped the medication immediately. Treatment consisted of oral
steroid therapy with dexamethasone (5 mg/day) and non-steroidal
anti-inflammatory drugs (NSAIDs; celecoxib capsules, 200 mg,
twice daily) for one-week, leading to complete clinical recovery.

Discussion

TIPIC syndrome was first described by Fay in 1927 (2). It
typically presents as an acute-onset, intense, and self-limiting pain
overlying the carotid artery, often radiating to adjacent areas.
Radiological findings indicated perivascular inflammation of the
carotid sheath and adventitia. Ultrasound and MRI are crucial for
demonstrating periarterial and intravascular changes; therefore,
imaging is important for diagnosing TIPIC (2-7). A positive
response to NSAIDs or a short course of corticosteroids helps
confirm the diagnosis. The case presented in this report aligns with
the diagnostic criteria for TIPIC, as evidenced by the clinical
presentation and imaging findings. Therefore, our results
suggested that sorafenib administration may precipitate this
development. Upon review of the existing literature, it was
determined that this particular trigger has not been
previously documented.

Although the diagnosis of TIPIC is not particularly difficult, its
underlying etiology and pathogenesis remain unclear. Thus, the
current literature proposes some hypothesized etiologies for
infectious and autoimmune diseases based on imaging
manifestations and limited histological findings (7), with the most
widely accepted theory being inflammatory diseases of the carotid
artery wall. A case report by Peter (8) described a patient with
TIPIC who underwent right carotid endarterectomy, and
histopathological biopsy revealed vascular proliferation, fibroblast
proliferation, and low-grade chronic active inflammation. Multiple
etiological factors have been identified as being linked to TIPIC
syndrome, including upper respiratory tract infections, high-
altitude exposure, lymphadenopathy, traumatic vascular diseases,
autoimmune diseases, thyroiditis, large vessel vasculitis, arterial
dissections, and thromboses (9, 10). Additionally, reports have
suggested that granulocyte colony-stimulating factor (11) and
traditional chemotherapy drugs (12) may trigger TIPIC (13). In
our case, The patient was diagnosed with acute leukemia and
achieved CR. She had previously undergone four cycles of D-
CAG chemotherapy without exhibiting any signs of TIPIC, and
G-CSF administration was ceased over 10 days prior to the onset of
symptoms. This temporal relationship suggests that traditional
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FIGURE 1

10.3389/fonc.2024.1484256

Ultrasound and MRI imaging of right carotid artery wall thickening in TIPIC syndrome. Ultrasound imaging in axial (A), sagittal (B), and coronal (C) planes.
Eccentric thickening of the arterial wall is observed from the upper right CCA to the bifurcation, particularly on the posteromedial wall. The boundary
between the arterial wall and surrounding tissue is indistinct. Pre-contrast MRI vessel wall imaging in axial (D), sagittal (E), and coronal (F) planes. Mild
luminal narrowing and uniform wall thickening are seen in the mid-to-distal segments of the right CCA, extending into the ICA. Post-contrast MRI vessel
wall imaging in axial (G), sagittal (H), and coronal (1) planes. Significant homogeneous enhancement of the thickened vessel walls is evident

chemotherapy agents and G-CSF are improbable contributors to
the development of TIPIC. Additionally, both C-reactive protein
and immune vasculitis assays returned negative results, effectively
excluding autoimmune vasculitis and infection as potential
etiological factors. Moreover, the temporal correlation between
the emergence of hand-foot skin reactions and neck pain
subsequent to medication use suggests a potential causal
relationship between sorafenib administration and the
observed TIPIC.

Sorafenib is an orally administered multitarget tyrosine kinase
inhibitor that exerts antitumor effects by inhibiting angiogenesis
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and tumor cell proliferation through targeting the vascular
endothelial growth factor receptor (VEGFR) family. The vascular
endothelial growth factor receptor 2 (VEGFR2) serves as the
principal receptor mediating the biological effects of vascular
endothelial growth factor (VEGF) and is essential for processes
such as angiogenesis, vascular permeability, and endothelial cell
survival (14-17). When sorafenib exerts its effects by inhibiting
VEGEFR?, it effectively blocks the signaling pathways initiated by the
binding of VEGF to its receptor, thereby attenuating the
proliferation, migration, and angiogenesis of endothelial cells.
Given that VEGFR2 also contributes to the maintenance of
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normal vascular endothelial cells, the administration of sorafenib
may result in direct damage to these cells. This damage includes the
inhibition of cell proliferation, a reduction in cell migratory
capacity, and the disruption of vascular integrity (18). Drugs such
as bevacizumab and axitinib (19), which function as VEGFR2
inhibitors, exert their effects on endothelial cells by obstructing
the interaction between vascular endothelial growth factor (VEGF)
and its receptor VEGFR2. This inhibition results in a cascade of
outcomes, including diminished angiogenesis, reduced vascular
permeability, and the induction of endothelial cell apoptosis.
Theoretically, they could all trigger TIPIC. In addition to its
action on VEGFR2, sorafenib influences a range of receptors and
signaling pathways associated with tumor growth, angiogenesis, and
tumor cell survival. Notably, it also inhibits VEGFRI and VEGFR3,
both of which play significant roles in angiogenesis (20). As
sorafenib can block various targets in the VEGF pathway (21), it
may disrupt vascular integrity, leading to endothelial dysfunction
(17). The endothelium regulates vascular tone and blood flow, and
maintains vascular homeostasis (22). Therefore, we hypothesize
that this complex network of mechanisms hinders the normal
vascular repair process, thereby increasing susceptibility to
vascular inflammation.

Why does TIPIC predominantly occur in the carotid artery? High
shear stress and its spatial gradient around arterial bifurcations are
thought to induce endothelial dysfunction (23). Vascular endothelial
cells (ECs) form a monolayer on the luminal walls of blood vessels
and are continually exposed to hemodynamic stresses, such as shear
stress (SS) generated by blood flow (23). LaMack and Friedman
suggested that ECs can sense shear gradients (SSG) and SS
independently (24). The magnitude of the relationship between SS
and SSG plays an important role in regulating morphological changes
in ECs. When their proportion is imbalanced, ECs exhibit
inflammatory responses when they cannot adapt their morphology

10.3389/fonc.2024.1484256

to flow (23, 25), resulting in vascular endothelial dysfunction. Our
hypothesis suggests that, in combination with the anti-VEGFR
pharmacological mechanism of sorafenib, these factors may
collectively contribute to the development of TIPIC (Figure 2).

Interestingly, sorafenib-induced TIPIC syndrome appears to
differ from the idiopathic form in both presentation and potential
natural history. Sorafenib’s inhibition of multiple kinases involved
in endothelial function, notably VEGFR?2, can lead to widespread
endothelial dysfunction and inflammation. Unlike idiopathic
TIPIC, which typically involves the carotid bulb and proximal
internal carotid artery (ICA) due to localized hemodynamic
stress, sorafenib-induced endothelial injury may extend
inflammation to the common carotid artery (CCA), as observed
in our patient. This broader vascular involvement may be due to
sorafenib’s systemic effects on endothelial cells, altering vascular
homeostasis and increasing susceptibility to inflammation along the
entire carotid artery. Furthermore, the patient’s comorbidities, such
as hypertension and previous chemotherapy, might have
compounded the endothelial injury, predisposing the CCA to
inflammation. While the natural history of idiopathic TIPIC is
generally self-limiting, the continuation of sorafenib could
theoretically lead to a more protracted or recurrent course due to
ongoing endothelial disruption. In our case, discontinuation of
sorafenib resulted in symptom resolution within 14 days,
suggesting that timely identification and management are crucial.
These observations highlight the need for clinicians to consider
drug-induced vascular inflammation in patients receiving
multikinase inhibitors or other anti-angiogenic targeted therapies,
especially when they present with atypical imaging findings.
Awareness of this potential adverse effect can lead to prompt
intervention, potentially preventing prolonged morbidity.

Herein, we present a case of sorafenib-induced TIPIC. Given the
widespread use of sorafenib in targeted therapy for various tumors, it
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Diagram of the potential mechanisms by which sorafenib contributes to TIPIC. The diagram illustrates how sorafenib may induce TIPIC through its
pharmacological effects and hemodynamic factors. The curved red arrows represent the direction of blood flow, while the scissors symbolize the
shear stress acting on the vessel wall. Together, these elements highlight how local hemodynamic forces, combined with sorafenib’s inhibition of

endothelial function, contribute to vascular inflammation.
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is imperative to increase awareness of TIPIC as a potential adverse
reaction. Further research on the pathogenesis of TIPIC is warranted
for a more comprehensive understanding of this condition.
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