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INTRODUCTION
Pigmented villonodular synovitis (PVNS), also recognized as teno-

synovial giant cell tumor (TGCT) or giant cell tumor of the tendon
sheath (GCTTS), represents a benign, but locally aggressive neoplas-
tic process that involves the synovial lining of joints. PVNS, TGCT, and
GCTTS are essentially identical in clinical presentation and histol-
ogy. This disease process likely occurs along a spectrum of severity;
however, it is typically categorized into alocal or diffuse form. Localized
disease is often considered to comprise a well circumscribed soft tissue
mass involving only a portion of the synovium; in diffuse disease, an
ill-defined soft tissue mass is observed with involvement of most or all
the joint synovia. The proliferation of synovial tissue and inflamma-
tion that occur with this condition most often presents with swelling,
pain, decreased range of motion, and stiffness. This can produce rapid
destruction of the articular cartilage and lead to early osteoarthritis
(OA).

Believed to be the first reported case of TGCT, Chassaignac in 1852
described a nodular lesion of the synovial membrane of the flexor
tendons in the fingers. This was originally thought to be a neoplastic
process given its growth pattern and capacity to erode surrounding
bone and joint tissue, as well as a high recurrence rate after resection.
However, that assumption was brought into question in 1941 when
Flandry et al.! and Tyler et al.* described this disease as an inflamma-
tory process and proposed the term pigmented villonodular synovitis.
More recent studies demonstrating clonal chromosomal aberrations
have established the pathogenesis as neoplastic in origin.>*

Etiology

In 2006, West et al.” provided a breakthrough in understanding the
etiology and pathogenesis contributing to PVNS by confirming that
translocations involving 1p11-13 are present in most patients with
PVNS and demonstrated that colony stimulating factor-1 (CSF-1) is the
gene located at this chromosome breakpoint. West et al.” found that 23
of 30 patients with TCGT and 5 of 8 patients with PVNS had a CSF-1
translocation, but only 2 - 16% of the tumor cells carried the transloca-
tion and expressed CSF-1. This suggests that only a minority of cells are
neoplastic and that the majority of intratumoral cells are reactive, non-
neoplastic cells, recruited by the local overexpression of CSF-1. A better
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understanding of the molecular pathways involved with PVNS has led
to potential targets for medical management of this disease. Further
understanding may generate future molecular targets for medications.
Clinical Presentation and Natural History

PVNS can be found throughout the body, but it is usually the large
joints that are chiefly involved.®” Of the large joints, the knee is the most
frequently affected by a significant margin. In astudy of 237 consecutive
patients with a PVNS diagnosis, Xie et al.” demonstrated that 74% of
cases involved the knee, 18% involved the hip, 3% involved the ankle or
wrist, and 1% involved the shoulder or elbow. Rare locations for PVNS
include the temporomandibular joint (TM.J) and the spine.®® Local-
ized PVNS in the knee can present in any area of the synovial tissue,
however, most lesions will arise in the suprapatellar pouch, or Hoffa’s
fat pad.!” For diffuse disease, lesions are predominantly found intra-
articularly and mainly affect the knee.*”° Patients typically present in
the third to fifth decades of life with an insidious onset of joint pain,
swelling, and stiffness. Recurrent hemarthroses may also occur®"
Rarely patients may present with mechanical symptoms. For superficial
locations, a soft mass may be palpable on exam. Occasionally, a history
of localized trauma may be reported. Gender predominance has varied
in the literature. Initial radiographs often are normal in the early stages
of disease, and with nonspecific symptoms, patients may be symptom-
atic for extended periods of time before diagnosis. One study found a
mean delay from symptom onset to diagnosis to be 55 months."* This
demonstrates the importance of considering PVNS in the differential
for patients who present with joint swelling and /or joint pain.

PVNS may become symptomatic, thus limiting the activity and
function of patients. The localized form typically is considered less
aggressive than the diffuse type, and greater success has been observed
when treating localized disease. In contrast, the diffuse type tends to be
more aggressive, having a more rapidly destructive course, resultingin a
poorer prognosis. While the continued presence or recurrence of PVNS
inany joint canlead to cartilage destruction, this is more apparent in the
hip joint. The progression of cartilage destruction and lytic lesions on
both sides of the joint ultimately leads to significant arthritis."
Diagnosis

Accurately diagnosing PVNS often is challenging as patients typi-
cally present with nonspecific symptoms of joint pain and swelling, and
the prevalence of PVNS is low compared to other conditions that result
in identical presenting symptoms. Patients routinely are misdiagnosed
with other conditions, such as rheumatologic disorders, trauma, menis-
cus injuries, or infection, prior to a diagnosis of PVNS. Flandry et al.™®
found that only 17% of patients were correctly diagnosed with PVYNS
prior to referral. In general, PVNS should be considered in the differ-
ential in any inflammatory arthritis. If patients do not respond to initial
treatment, more diagnostic workup should be considered to rule out
PVNSH

Multiple imaging modalities are frequently used to help diagnose
PVNS, while excluding other conditions to narrow the diagnosis.
Radiographs often are the first imaging study obtained (Figure 1).
In most cases, radiographs reveal nonspecific features including soft
tissue swelling, joint effusion, degenerative joint disease, or a normal
appearance.””® Well defined erosions with relative preservation of joint



space may be noted in early phases of the disease. Cystic lesions, often
symmetric on either side of the joint line in a non-weight-bearing region
of the joint, or at the capsular insertion site, without calcification, may
be suggestive of PVNS. With progression of the disease, joint space nar-
rowing may occur concentrically, especially when involving joints with

minimal volume capacity such as the hip.>"”

Figure 1. Xfra); of right knee demonstrating pigmented villonodular synovitis.
Anterior-Posterior (Left) and Lateral (Right) views demonstrating multiple
erosions in the lateral femoral condyle and proximal tibia, large joint effusion,
and degenerative changes.

Magnetic resonance imaging (MRI) often is the imaging study of
choice to further evaluate a patient with nonspecific symptoms of joint
pain, intermittent swelling, and possible mechanical symptoms. Not
only can an MRI assist in ruling out more common etiologies for these
nonspecific symptoms at presentation, but there are pathognomonic
features present on MRI which highly suggest PVNS as the diagno-
sis (Figure 2). The signal characteristics observed on MRI reflect the
histological composition of the diseased tissue, particularly the hemo-
siderin deposition, lipids, fibrous stroma, and inflammatory cells. This is
represented as nodular masses with heterogeneous low signal intensity
on both T1 and T2 weighted sequences with blooming artifact. This
“blooming artifact,” which is most characteristic of PVNS, is best appre-
ciated on gradient echo sequences and represents the increased signal
dropout from the presence of hemosiderin. MRI also plays an instru-
mental role in determining localized versus diffuse forms, as well as the
extent and specific location of the lesion. This information is important
for treatment strategy and possible surgical planning.">'%1” Although
MRI can be extremely helpful in suggesting the diagnosis of PVNS,
histologic confirmation with a tissue biopsy remains the gold standard.

Figure 2. MRI of right knee demonstrating pigmented villonodular synovitis. T'1
(Left) and T2 (Right) sagittal sequences showing nodular masses diffusely in
both the anterior and posterior compartments of the knee with heterogenous
low signal intensity. A large joint effusion and large tibial cyst are also noted.
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Management

Surgical

Localized PVNS. Numerous treatment regimens exist in the man-
agement of localized PVNS, including observation with serial imaging,
open excision, arthroscopic excision, or combined arthroscopic
and open excision. With advancements in arthroscopic techniques,
arthroscopic partial synovectomy is considered the preferred surgical
option. The primary aim of surgical management is to resect all the dis-
eased synovium to prevent local recurrence and reduce the risk of OA.
Much of the current literature focuses on treatment outcomes for the
knee as this is the most involved joint. Multiple studies involving surgical
treatment of the knee have demonstrated excellent results. A system-
atic review performed by Auregan et al.>° demonstrated low recurrence
rates of disease (8.7% and 6.9%) and low complication rates (<1% and
0%) with no significant differences between open synovectomy and
arthroscopic synovectomy, respectively. A more recent case series by
Patel et al.'® similarly demonstrated no significant difference in recur-
rence rates between open and arthroscopic synovectomy, respectively
(8.7% vs 91%). Additionally, excellent functional results are likely to be
observed after surgical treatment. Dines et al.?' showed a mean post-
operative Lysholm score of 954 for patients treated with arthroscopic
synovectomy at least five years of follow-up. All patients had full range
of motion of their knee and had no concerns of pain, locking, clicking,
or swelling. Despite low recurrence rates with arthroscopic treatment,
concern for recurrence exists, principally with posterior based lesions.
This is a result of the technically challenging nature of an arthroscopic
posterior synovectomy due to anatomical blind spots when viewing this
space from an anterior portal. However, newer arthroscopy techniques
have been described to help visualize the knee’s posterior compart-
ment.”* In localized disease of the posterior compartment of the knee
in 10 patients who underwent arthroscopic synovectomy, Shekhar et
al.? demonstrated no recurrence of disease or symptoms and a mean
International Knee Documentation Committee subjective score of 85
post-operatively. For surgeons with less arthroscopy experience, an
arthroscopic assisted mini open partial synovectomy can be considered
as a safe alternative. Georgiannos et al.** compared an arthroscopical-
ly assisted mini open technique to an all-arthroscopic technique and
found similar post-operative Lysholm scores, as well as recurrence rates
between the techniques.

Treatment efficacy in other joints with localized PVNS have notbeen
as well studied to date as the knee. However, available studies have dem-
onstrated similar results to that found for arthroscopic treatment of
lesions in the knee.>?” In a recent large multicenter database study by
Mastboom et al.® onlocalized PVNS oflarge joints, they demonstrated
no significant difference in recurrence rates on multivariate analysis
when comparing arthroscopic to open treatment. A lesion size of >5
cm was found to result in a significant increase in recurrence of disease.

Overall, both open and arthroscopic excision of localized PVNS
lesions produce good to excellent outcomes with low recurrence and
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complication rates. Initial treatment with arthroscopy, however, may
tend to be favored in many cases with an experienced arthroscopist
as lower rates of morbidity, pain, and stiffness may be associated with
arthroscopic compared to open treatment.

Diffuse PVNS. Best treatment practices for diffuse PVNS of large
joints remain controversial. Higher rates of disease recurrence are
routinely reported despite varying surgical treatment options when
compared to treatment of localized disease. In a meta-analysis by
Mollon et al.,*” they demonstrated that patients with localized PVNS
treated surgically had a recurrence rate of 7% compared to 28% in
patients treated surgically with diffuse disease. Several studies have
sought to determine the eflicacy of arthroscopic versus open versus a
combined approach with results having varied significantly throughout
the literature. Regardless of treatment approach, complete resection
is required to reduce the likelihood of recurrence. Patel et al.'® demon-
strated in 102 patients treated operatively for diffuse PVNS of the knee,
a significantly higher rate of recurrence with arthroscopic treatment
compared to open synovectomy (83.3% vs 44.8%). It also was noted
that most complications occurred in patients who underwent an open
procedure. In contrast, multiple case series have demonstrated good
to excellent results following arthroscopic treatment for diffuse PVNS
of the knee, with low recurrence and complication rates reported at
final follow up.***! It is important when performing an arthroscopic
synovectomy for diffuse disease to utilize multiple accessory portals.
The advantages of performing an isolated arthroscopic synovectomy
include minimizing post-operative stiffness, shorter rehabilitation
period, and fewer wound complications.* Other comparison studies
have demonstrated no significant difference in recurrence rates between
arthroscopic and open synovectomy. A systematic review by Auregan
et al.? for diffuse PVNS of the knee found no significant difference in
recurrence rates between arthroscopic compared to open synovectomy
(16.1% vs 22.6%), with a significant difference in complication rates
which favored arthroscopy (O vs 19%). A more recent meta-analysis
by Chandra et al.** demonstrated a 1.56 times higher rate of recurrence
for diffuse PVNS of the knee when treated arthroscopically compared
to an open approach. Some surgeons have performed a combined
arthroscopic and open approach which has demonstrated potentially
more promising results for diffuse disease. Mollon et al.>* demonstrated
arecurrence rate of 13% in 15 patients with good to excellent outcomes
in all patients treated with combined arthroscopic and open synovec-
tomy for diffuse disease. Colman et al.*> compared a series of patients
treated with combined arthroscopy and open synovectomy to patients
treated with just arthroscopy or open synovectomy alone and found
that recurrence rate for the combined group was significantly lower at
9% compared to 62% and 64%, respectively.

Again, limited data are available for treatment outcomes of PVNS
involving other large joints. Nazal et al.> reported on a small series of
five patients with diffuse type PVNS of the hip treated with arthroscop-
ic synovectomy. No recurrence of disease was reported, and outcome
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scores were lower than patients treated arthroscopically for localized
discase, however, this was not significantly different. Byrd et al.* report-
ed good to excellent outcomes in patients treated arthroscopically for
PVNS of the hip. The mean Harris Hip Score (HHS) improved from
62 pre-op to 89 post-op (scores <70 poor, 70 - 80 fair, 80 - 90 good, 90
-100 excellent). Three of these patients had diffuse PVNS with a mean
improvement of 38 points in the HHS. A systematic review by Siegel et
al.?” evaluating patients with PVNS of the foot and ankle treated with
either open or arthroscopic synovectomy demonstrated a recurrence
rate of 21% which is comparable to the results for other joints in the
literature. However, the complication rate was higher than that seen in
otherjoints at 24%. One explanation for the increased complications in
treatment of the foot and ankle may be related to the poorer blood cir-
culation compared to other large joints which may impact the healing
potential. Additionally, there is a tendency to perform an open rather
than arthroscopic procedure which may trend towards an increase in
the complication rate.

Radiation

Radiation therapy either alone or as an adjuvant therapy following
operative treatment may be considered in an attempt to reduce recur-
rence rates of disease. Results have been mixed, and the side effect
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profile of radiation must be considered as well. O’Sullivan et al.** pub-
lished one of the earlier reports on utilizing external beam radiation in
patients with PVNS. In this study the recurrence rate was 7% which
is comparable or better than other studies in the literature. Addition-
ally, most patients experienced good to excellent functional outcomes.
Similar results were found by Chien et al.*” in patients with diffuse
PVNS of the knee treated with open synovectomy followed by mod-
erate radiation dose therapy in which the recurrence rate was 8.3%
compared to 57% in patients treated with open synovectomy alone.
These results, however, were not reproducible for their patients treated
with arthroscopic synovectomy. Sun et al.*® compared outcomes of
patients with PVNS of the hip who underwent arthroscopic synovec-
tomy to those who underwent arthroscopic synovectomy plus adjuvant
radiotherapy. They found that hip outcomes scores and Visual Analog
Scale pain scores were comparable between the two groups and no
patients who underwent adjuvant radiotherapy converted to total hip
arthroplasty (THA) compared to 38% in the group without radio-
therapy. Despite some promising results, caution must be taken when
considering this adjunct as radiation is not a benign therapy. Radiation
induced sarcoma or significant wound complications can develop.®* It
is unknown whether the potential benefit of radiation therapy following
synovectomy outweighs its potential complications in the treatment of
abenign process.

Medical Management

With significant advances in molecular biology and an improvement
in the understanding of underlying molecular pathways involved in
various conditions, medicines are being developed to act specifically on
these targets. The discovery of overexpression of CSF-1 as the etiology
which chiefly contributes to the development of PVNS, has provided a
molecular target for potential medical management of this condition.

Pexidartinib. Pexidartinib acts as a CSF-1 receptor inhibitor,
thereby restricting PVNS growth.*#2 In a phase three randomized



clinical trial* (ENLIVEN study) of 120 patients (61 receiving pexid-
artinib, 59 receiving Placebo) with symptomatic, advanced PVNS in
which surgery was not recommended, patients who received pexadar-
tinib demonstrated improved outcomes of their disease compared to
placebo. The overall response rate of the disease based on the Response
Evaluation Criteria in Solid Tumors (RECIST) was 39% in the pexid-
artinib group compared to 0% for placebo at 25 weeks. Additionally, the
pexadartinib group demonstrated a significant improvement in physical
functioning compared to placebo*' Given these notable benefits, this
became the first FDA approved drug specifically for the treatment of
PVNS. Despite significant benefits, adverse events occurred in 98% of
patients who received pexidartinib with the most common event being
hair color changes. Grade three (severe) or four (life-threatening)
adverse events did occur in 44% of patients, which were often increases
in liver enzymes. Serious hepatotoxic side effects were experienced by
eight people taking pexidartinib, however, three people recovered after
discontinuing the medication*' As aresult, this medication is currently
only available in the U.S. via the Risk Evaluation and Mitigation Strat-
egy (REMS) Program.*

Patients considered candidates for this medication are predominant-
ly those with inoperable diffuse disease or in which surgical resection
would be associated with worsening function and would likely cause
severe morbidity*'#* This medication is available as an oral capsule,
with a recommended dosage of 250 mg twice daily*** Continued use
of pexidartinib is indicated until evidence of either disease progression
or drug toxicity occurs. Ongoing monitoring via frequent liver testing is
required.**** Studies evaluating outcomes following operative manage-
ment with adjuvant medical therapy have yet to be performed.

Imatinib. Imatinib acts as an inhibitor of macrophage colony stim-
ulating factor (M-CSFR) activation of non-neoplastic PVNS cells.*
Most commonly utilized for chronic myeloid leukemia and gastrointes-
tinal stromal tumors, the effect of imatinib on PVNS was first reported
on a single patient. Blay et al* first reported the use of imatinib in a
patient with PVNS with promising initial results from a case report
demonstrating complete remission by the fifth month after starting
imatinib. The course of treatment was interrupted a few months later
with observed disease relapse, but a second complete remission was
documented shortly after re-introducing imatinib*® In a study of 62
patients with PVNS, Verspoor et al*” demonstrated an overall response
rate of disease based on RECIST of 31% in those taking imatinib. Addi-
tionally, symptom improvement was found in 78% of patients.

Use of this medication is reserved for those with symptomatic
recurrence of PVNS following surgery, or in instances where surgical
re-excision would detrimentally affect function***® It is available as an
oral tablet, with recommended dose of either 100 mg, 400 mg, or 600
mg once daily. Optimal treatment duration has yet to be elucidated.
Continued use is indicated without progression of disease or evidence
of drug toxicity. The most common adverse effects are edema, muscle
cramping, musculoskeletal pain, abdominal pain, nausea, vomiting,
diarrhea, rash, or fatigue.**®

Salvage. The goal of treatment in patients with PVNS is to reduce
symptoms, improve clinical outcomes, minimize recurrence rates,
and decrease the risk of cartilage and soft tissue destruction that
leads to early OA and ultimately worsening pain and function. Total
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joint arthroplasty can be considered as a salvage option for significant
recurrent disease with associated degenerative changes and if all other
options have failed ***° While data are limited, some promising results
have been observed following hip and knee arthroplasty in patients with
PVNS.”52 Houdek et al.” presented a series of 48 patients with PVNS
who underwent total knee arthroplasty (TKA). The local recurrence
rate of disease was 13%. They found that patients who had undergone at
least two procedures to remove PVNS from the knee were significantly
more likely to have recurrence following TKA. The overall 10-year
revision free survival rate was 80%. Revisions were most performed
for tumor recurrence and component loosening. The complication
rate of 52% is notably higher compared to patients who undergo TKA
for primary OA with most complications being related to joint stiff-
ness.” Casp et al.>® also demonstrated a significantly increased rate of
stiffness in patients with PVNS who underwent TKA compared to a
control matched cohort of patients with primary OA (6.8% vs 4.7%),
although the overall rates were significantly lower than the previously
mentioned study. The infection rate also was found to be higher at two
years at 3.3% in patients with PVNS compared to 1.5% in the OA group,
although rates of ER visits, hospital readmission, revision TKA at two
years and death at one year were not found to be significantly different
between the matched groups.™

Despite a paucity of literature, results of THA in patients with hip
PVNS are encouraging. Xu et al.>* compared 19 patients with PVNS
who underwent a THA to matched controls and found no significant
difference between groups with respect to revision rates and HHS at
final follow-up. Additionally, there was no evidence of recurrence of
disease in the PVNS cohort.>* Tibbo et al."" also demonstrated good
outcomes in 25 patients with PVNS who underwent THA. Only one
patient was noted to have disease recurrence, which was determined at
24 years post-operatively. However, a high complication rate was noted
in this study, which was most commonly aseptic loosening. All patients
with aseptic loosening were noted to have uncross-linked polyethylene
components. In contrast, all patients with highly cross-linked polyeth-
ylene liners did not demonstrate any loosening for a survivorship free of
revision at 10 years of 100%. The mean HHS at final follow-up was 78,
significantly improved from pre-operative scores." Overall, the avail-
able literature demonstrates good outcomes in patients with PVNS
who undergo total joint arthroplasty as a salvage option for treatment.
However, surgeons should remain cautious about complications, as this
has routinely been found to be higher in this patient population.
Summary

PVNS represents abenign neoplastic process that involves the syno-
vial lining of joints, most commonly affecting the knee when involving
the large joints. This disease process occurs along a spectrum of severi-
ty, divided into localized and diffuse forms. The proliferation of synovial
tissue and inflammation that occurs with this condition may present
with swelling, pain, and stiffness. These non-specific symptoms, as well
as the limited occurrence of this disease process, often leads to a delay in
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initial diagnosis and treatment. Advanced imaging with MRI is helpful
insuggesting a diagnosis of PVNS, but histology is necessary to confirm
the diagnosis.

Best management practices for the treatment of PVNS have yet to
be elucidated at this time and may vary depending on the extent of the
disease. Both arthroscopic and open synovectomy have been found to
be effective for the treatment of localized disease, with a potential pref-
erence to arthroscopic synovectomy given low complication rates and
good functional outcomes after the procedure. Controversy remains
for diffuse disease treatment as outcomes have varied amongst studies.
Medical therapy with pexidartinib or imatinib may be considered as
stand-alone therapy, an adjunct therapy to surgery, or for patients who
are not surgical candidates. More investigation is required to optimize
their effect while minimizing the side effect profile. If these methods
fail to treat the disease process, promising results have been observed
with total joint arthroplasty in patients who develop severe or recur-
rent disease and progress to significant OA, although a higher rate of
complications has been observed compared to total joint arthroplasty
for primary OA.
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