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Case Report

Exceptionally giant neglected

sacral chordoma in a post-poliotic

residual paralysis patient - a rare case scenario
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Abstract: Chordoma is a rare malignant tumour with an incidence of 0.1 case per 1 lakh population per year. The
sacrococcygeal region is the most common site to be involved. Herein, we are reporting a case of sacral chordoma,
who is a 32-year-old male patient, a known case of post-polio residual paralysis on the left lower limb, who pre-
sented with complaint of pain in the lower back and gluteal region for 2 years with swelling in the gluteal region for
1 year, which was gradually increasing in size for 1 year with associated weight loss. MRI revealed an ill-defined lytic
expansile altered signal intensity lesion involving S3 to S5 and coccygeal vertebral bodies measuring 13.2 x 16.2
x 14 cm (ap x tr x cc) with adjacent large lobulated heterogeneous soft tissue component and showed multiple
coarse calcifications. The lesion anteriorly displaced and abutted the rectum and was deriving its blood supply from
branches of bilateral internal iliac arteries. The patient was planned and underwent wide-margin resection (middle
sacrectomy with RO margins with preservation of both S2 and right S3 nerve roots). Histologic Grade was reported to
be G2, moderately differentiated, high grade. Pathologic stage classification was reported as pT3a. Postoperatively
patient had the same neurological status and was discharged on advice to do full weight bearing walking and self-
intermittent catheterisation and laxatives. He was on routine follow up and improved well symptomatically.

Keywords: Sacrum, coccyx, chordoma, management, radiology, histopathology, post-poliotic residual paralysis,

en-bloc resection

Introduction

Chordoma is a rare malignant tumour with an
incidence of 0.1 case per 1 lakh population per
year. It was first described by Virchow in 1857.
The sacrococcygeal region is the most common
site of sacral chordoma followed by the spheno
occipital region and vertebral body. Herein, we
are reporting a case of sacral chordoma which
is a difficult to treat condition, and is more com-
mon among males and the peak age of inci-
dence is around 50 years of age. Chordomas
develop from notochordal remnants of the
embryo and they are tumours of the axial skel-
eton [1]. The notochord, which is a central, rod-
shaped embryonic structure, expresses impor-
tant genes that drive skeletal development,
such as echidna hedgehog (ehh), sonic hedge-
hog (shh), collagen Il (col2al), and no tail (ntl)
[2, 3]. In humans, the notochord develops dur-
ing the third week of gestation, stretching from

the sacrum to the sella turcica, but it is gra-
dually replaced by fibrocartilage from surround-
ing tissues during the first 1-3 years of life.
However, notochord remnants may persist at
the skull base, the odontoid process, interver-
tebral discs, and the coccyx [4-6]. Rare familial
cases have been reported but most of the
cases are sporadic.

In normal human development, most of the
notochordal remnants disappear by the first
year of life and even if they persist, the majority
stay harmless. A crucial immunohistochemical
indicator in the entire process is brachyury, a
T-box transcription factor that governs noto-
chord development and is believed to play im-
portant role in pathogenesis [7, 8]. Brachyury is
overexpressed in familial chordoma, indicating
its significance as a gain-of-function mutation
in its origin, although genetic amplification in
sporadic cases is more commonly linked to gain
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Figure 1. Preoperative radiographs showing pelvis with both hips - antero-
posterior view and lumbosacral spine - lateral view.

of whole-chromosome [9, 10]. The fibroblast
growth factor regulates expression of brachy-
ury, and its pathway has been implicated in
tumorigenesis [11]. Therefore, brachyury is an
extremely sensitive and specific histologic indi-
cator of chordoma and is considered to have
diagnostic importance [42].

Other important immunohistochemical indica-
tors include epithelial markers (cytokeratin and
epithelial membrane antigen - both present in
100% of cases) and S-100 (present in 85.7% of
cases) [12]. The Ki-67 is a histopathological
measure of mitotic activity, correlated with a
worse prognosis when >5% [13]. Chordomas
are characterized genetically by the absence
of CDKN2A and PTEN expression and signifi-
cant loss seen in chromosomes 1p, 3, 9, 10,
13, 14, and 18 [14]. The CDKN2A protein p16
is a recognized tumor suppressor that inhibits
cyclin complexes responsible for regulating the
G1-S phase of the cell cycle, and the loss of its
expression is a well-established characteristic
in chordoma [15-17]. The loss of 1p36 and 9p
has specifically been linked to worse prognosis
and decrease survival [13].

Clinical presentation depends on the anatomic
location and extent of the chordoma. Headache,
neck pain, and cranial nerve palsies are often
present in skull-based chordomas, whereas
spine and sacral chordoma typically have symp-
toms of chronic back pain or urinary/bowel dys-
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function because of nerve ro-
ot compression.

Case report

We present the case of a
32-year-old male patient, a
known case of post-polio re-
sidual paralysis on the left
lower limb, who presented
to the outpatient department
complaining of pain in the
lower back and gluteal region
for 2 years with swelling for
1 year. Pain was dull aching
type and gradually progres-
sive without radiation to lower
limbs and was more during
the night so the patient had to
take painkillers to sleep. The
patient noticed swelling in the
gluteal region incidentally and it was gradually
increasing in size for 1 year with associated
weight loss. There was no associated history of
fever, night sweats, contact with TB, deteriora-
tion of neurology of limbs, bowel bladder com-
plaints and trauma. On examination, we found
a firm, non-tender, non-mobile, non-fluctuant
swelling over the sacral region without any
skin changes without any distal neurovascular
deficit.

Plain radiographs of the lumbosacral spine with
the coccyx and pelvis with both hips were
taken, which showed an ill-defined suspicious
lesion in the sacrococcygeal region (Figure 1).
This was followed by MRI which showed an ill-
defined lytic expansile altered signal intensity
lesion involving S3 to S5 and coccygeal verte-
bral bodies with adjacent large lobulated het-
erogeneous soft tissue component, suggestive
of malignancy likely chordoma (Figure 2). On CT
examination, a large well defined lobulated
hypodense mass lesion is seen epicentered in
the midline at the caudal end of the spine in the
lower back behind the rectum.

The lesion measured 13.2 x 16.2 x 14 cm
(ap x tr x cc) and showed multiple coarse calci-
fications. The lesion was superiorly reaching
upto the lower border of the S2 vertebra caus-
ing destruction of the sacrococcygeal verte-
brae, inferiorly reaching upto the level of anal
verge and to the skin, subcutaneous tissue
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Figure 2. Preoperative MRI of the spine and pelvis showing extension of the mass in the pelvic cavity (A) and (B) T2
weighted image showing saggital cuts, (C-F) T2 weighted TSE SPAIR sequence image showing axial cuts, (G) and (1)
T1 weighted TSE SENSE sequence image showing coronal cuts, (H) and (J) T2 weighted TSE SPAIR sequence image
showing coronal cuts.

level. The lesion anteriorly displaced and abut-
ted the rectum and showed loss of fat planes
with levator ani. The lesion at its right lateral
aspect abutted and showed loss of fat planes
with the right gluteus maximus and medius.
The lesion was deriving its blood supply from
branches of bilateral internal iliac arteries. A
note was made of a few enlarged enhancing
perilesional lymph nodes. On the left, there was
significant fatty atrophy of the left iliacus, glutei
muscles and thigh muscles.

Contrast enhanced CT scan of the thorax-abdo-
men-pelvis was done to rule out any other
lesions or metastasis and showed multiple
enlarged perilesional lymph nodes but no dis-
tant metastasis.

A core needle biopsy was done from the lesion
and microscopy showed the presence of a tu-
mour arranged in lobules, cords and reticulated
pattern separated by fibrous bands. Individual
tumour cells exhibit central round to oval nuclei,
fine chromatin, inconspicuous nucleoli and mo-
derate bubbly to eosinophilic cytoplasm embed-
ded in an extensively myxoid matrix. Adjacent
fibro collagenous tissue shows few congested
and dilated blood vessels and occasional foci
of necrosis. No significant mitosis was identi-
fied in the section examined. These features
were suggestive of Chordoma.
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The patient was planned and underwent wide-
margin resection (middle sacrectomy with RO
margins with preservation of both S2 and right
S3 nerve roots) (Figure 3). Under GA, the pa-
tient positioned prone and a midline vertical
incision was done in the lumbosacral region.
After midline bilateral dissection of the fascia
and the muscles of the lumbosacral region, a
large mass was exposed which had invaded the
sacrum, coccyx and the gluteal muscles. After
determination of S1 and S2 lamina with C-arm
(fluoroscopy), Kerrison rongeur used for S2
laminectomy and the thecal sac was ligated
above S2 segment. The lesion was exposed
superiorly upto the lower border of the S2 verte-
bra, destruction of the sacrococcygeal verte-
brae was observed intraoperatively, inferiorly
exposure was done upto the level of anal verge.
The lesion anteriorly displaced and abutted the
rectum and showed loss of planes with levator
ani. The lesion at its right lateral aspect abut-
ted and showed loss of planes with the right
gluteus maximus and gluteus medius. Total en
bloc resection of the well demarcated huge
mass was done by using suction and cautery.
The tumor was very hemorrhagic with multiple
vascular supplies. As the spine stability was
preserved so no devices or implants were
needed. Hypotensive anaesthesia and local
vasoconstrictors were used to control bleeding
intraoperatively and 2 unit of PRBC were trans-
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Figure 3. Intraoperative pictures (A) Positioning of the patient, (B) and (C) Clinical picture of the lesion [(B) side view,
(C) top view], (D) Draping before commencement of surgery, (E) and (F) Clinical picture of the lesion after excision -
capsulated mass measuring 19.2 x 14.8 x 11 cm and weight 1509 gm [(E) top view, (F) front view].

fused. Post-resection, patient tolerated the sur-
gery well without any untoward event.

In the histopathological examination of the le-
sion - During Gross examination, the external
surface was grey-brown, congested with atta-
ched fibroadipose tissue and a few skeletal
muscle fibres. On serial sectioning, the cut sur-
face was lobulated, firm, grey-white, fleshy, with
glistening cartilaginous areas, haemorrhagic
and yellowish necrotic areas. Focal myxoid
areas are identified. Tumour boundaries are ill-
defined, however, the tumour was seen infiltrat-
ing into the adjacent fibroadipose tissue.

Histologic Grade was reported to be G2, mo-
derately differentiated, high grade. Multiple
sections examined show an invasive tumour
arranged in lobules of varying sizes separated
by thick fibrous septae. There was extensive
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chondroid differentiation within the lobules.
The tumour was arranged in trabeculae,
nests and focally in sheets in the lobules and
showed moderate to marked nuclear pleomor-
phism. These cells had an irregular nuclear
membrane, vesicular chromatin and moderate
to abundant eosinophilic to clear vacuolated
cytoplasm. These vacuolated cells are phys-
aliphorous cells. Few cells show multinucle-
ation and intranuclear inclusions. Large areas
of necrosis were noted (40%). The overlying
skin is free. Pathologic stage classification
(PTNM, AJCC 8th Edition) was reported as pT3a
(Figure 4).

Postoperatively patient had the same neuro-
logical status as in the preoperative period
except for weak bowel and bladder control
(Figure 5). The patient was discharged on
advice to do full weight bearing walking and
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Figure 4. Histopathological study. A. Low-power view shows a tumour composed of lobules of large epithelioid cells
interspersed with hyaline cartilaginuous matrix (H&E x 100x); B. High power view shows entrapped cartilage (red
arrow) surrounded by physaliphorous cells (bubbly cytoplasm) and a myxoid matrix (H&E x 400x); C. The tumour
cells are immunopositive for panCK (IHC x 100x); D. Brachyury (IHC x 400x%). H&E: Hematoxylin and Eosin; panCK:
pancytokeratin; IHC: Immunohistochemistry.

Figure 5. Postoperative radiographs showing lumbosacral spine - (A) Anteroposterior view and (B) lateral view, (C)
postoperative radiographs showing pelvis with both hips - anteroposterior view.

self-intermittent catheterisation and laxatives. Discussion

He was on routine follow up and improved well

symptomatically and bowel bladder control also According to Jianhua MD et al., younger age,
improved. and differentiated tissue on Histopathology
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examination are predictors of good prognosis
and old age, dedifferentiated tumour, bowel
bladder involvement at presentation, recur-
rence and metastases are the predictors of
poor outcome [42]. Clinical presentation de-
pends on the anatomic location and extent of
the chordoma. Headache, neck pain, and cra-
nial nerve palsies are often present in skull-
based chordomas, whereas spine and sacral
chordoma typically have symptoms of chronic
back pain or urinary/bowel dysfunction be-
cause of nerve root compression.

The patient presented in this report was a
young adult and was moderately differentiated
on histopathological examination. The tumour
resolved after surgery and no recurrence was
reported in 2 years follow up.

Sacral chordoma is a primary bone tumour that
primarily affects men and affects people bet-
ween the ages of 30 and 60 with a high mortal-
ity rate. It makes up less than 5% of all bone
tumours [39]. A sacral lesion with heteroge-
neously high signal intensity and criss-crossing
septa on long-repetition-time imaging, well-
encapsulated pseudopodia-like or lobulated
appearance, and gluteal muscle infiltration we-
re among the characteristic findings recorded
by Sung et al. in their study based on 30 MRIs
of patients with sacral chordoma. This obser-
vation was supported by MRI, which showed
some degree of gluteal muscle infiltration in the
patient.

Sacral chordomas are difficult to manage tu-
mours because of their location close to vital
structures and are usually diagnosed at late
stages. Surgery is the main mode of treatment,
and research is ongoing on the efficacy of radio-
therapy. Chordoma, metastasis, myeloma, ost-
eoblastoma, giant cell tumour, neurofibroma,
teratoma, aneurysmal bone cyst (ABC), lipoma,
osteosarcoma and chondrosarcoma, anal fistu-
las, sacral dermatoid, and postpartum lesions
are few common differentials for the patholo-
gies found in the sacrococcygeal region [40,
43, 44].

The extensive myxoid matrix with various lob-
ules, solid nests, cords and strands of physalif-
erous cells, along with their enlarged, atypical
nuclei and eosinophilic cytoplasm with vari-
able-sized vacuoles, are seen in the histopa-
thology. It is conceivable for high-grade sarco-
ma regions to grow and dedifferentiate.

18

In their investigation, Xu et al. found that the
gigantic chordoma specimens tested positive
for vimentin, cytokeratin, Ki-67, S100, and epi-
thelial membrane antigen [1]. Familial chordo-
mas have been linked to the brachyury gene
[9]. Due to unusual signs and symptoms, the
histological examination of the condition is fre-
quently delayed.

Our patient was having slow progression over 2
years and the patient was having vague symp-
toms that were gradually progressive hence
patient ignored for 1 year and the diagnosis
was delayed because of that. Studies have
shown that there is a male predominance in
chordoma. Skull base chordomas are usually
diagnosed in earlier age groups compared to
vertebral and sacrococcygeal chordoma. Sacral
chordomas often grow very large even before
causing symptoms so the prognosis is poor
compared to other chordomas [50].

A combination of surgical excision and adjuvant
radiotherapy has been shown to have better
outcomes compared to surgery alone [50].
Adjuvant radiotherapy plays a role in the pre-
vention of local recurrence. The rate of local
recurrence is high in sacral chordoma. Our
patient was managed by wide resection with
preservation of both S2 and right S3 nerve
roots. The patient had partial urinary inconti-
nence and required bowel medications after
surgery for constipation.

The exact benefits of radiation therapy although
aren’t completely established, evidence indi-
cates that it can enhance outcomes, especially
in cases of partial tumor removal and when
dealing with recurring tumors in the sacrum
and spine [21-27]. Despite the belief that chor-
doma is typically resistant to radiation, resear-
ch suggests that high-dose photon and proton
radiotherapy could enhance local control for
tumors that can’t be removed [25, 28]. In a ret-
rospective study involving 15 patients with
sacral chordoma, it was found that the average
time before recurrence was 2 years even after
the entire tumor was removed, but there was a
tendency towards better survival when immedi-
ate postoperative radiotherapy was given, indi-
cating that additional therapy could be advan-
tageous [29]. In a retrospective study of pa-
tients with spinal and sacral chordoma, it was
indicated that neoadjuvant radiation appeared
to enhance local control, and they recommend-
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ed to consider neoadjuvant high-dose radio-
therapy due to the risk of tumor seeding during
intra-lesional resection [30]. Overall, neoadju-
vant radiation therapy showed a tendency
towards improved local tumor control [22, 42].

Although conventional chemotherapies failed
to prove success in the management of chor-
doma [31-33], Irinotecan is the only drug tested
in a phase 2 of clinical trial, with a response in
just 1 patient of the total 15 patients evaluated
in the study [34]. Due to recent advancements
in understanding of pathogenesis of chordoma,
more targeted therapies are in its early stages.
Trials of Tyrosine-kinase inhibitors such as suni-
tinib and imatinib have been done with limited
success [35-37]. An mTOR inhibitor drug, Siro-
limus, was found to have a synergistic effect
when combined with imatinib in advanced chor-
doma resistant to imatinib [36]. Trials of erlo-
tinib and lapatinib, EGFR inhibitors, done with
moderate success in advanced chordoma [37,
38]. EGFR antagonist, such as Cetuximab, and
checkpoint inhibitors, such as nivolumab and
ipilimumab, monoclonal antibodies are current-
ly undergoing early-phase trials for treatment of
chordoma as both a monotherapy and combi-
nation therapy [38, 42].

Cheong et al., reported that preservation of
bilateral S3 nerve roots are essential for com-
plete preservation of bowel bladder function
and if one S3 nerve root was sacrificed, one out
of 3 patients developed partial urinary inconti-
nence and 2 out of 3 patients required bowel
medications. Those in which bilateral S3 re-
sected, all of them had to do intermittent self-
catheterisation and bladder medications. In
those bilateral S2 roots resected, they observed
complete urinary and bowel incontinence [19].

Because of the slow biological growth rate and
low incidence of metastatic dissemination, sur-
gery is the only treatment for this uncommon
bone tumour [18-20, 45]. An important prog-
nostic indicator that is connected with both
overall survival and the frequency of local
relapses is the extension of margins. There is
strong evidence linking local recurrence to a
higher risk of metastasis and problems con-
nected to the tumour [18-20, 46, 50]. However,
since in the anatomical areas of the Sacro-
coccygeal chordoma, there is involvement of
complex tissues, such as bones, nerves, mes-
entery, etc., this potentially curative margin-
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free “en bloc” excision is frequently very diffi-
cult to obtain.

Although not seen in this case, Sacral chordo-
mas frequently have large cavities and soft-tis-
sue abnormalities; they can lead to problems
such as sacrococcygeal skin necrosis, infec-
tion, and delayed or non-healing wounds [41,
47]. According to Pillai and Govinder’s analysis,
the most prevalent clinical manifestation is low
back pain that worsens when sitting and is not
relieved by non-steroidal anti-inflammatory me-
dicines [44]. Up to one-third of patients also
have urinary problems. While radiography might
guide the treatment of individuals presenting
with similar clinical problems, histopathology is
still the gold standard for diagnosing chordoma
and distinguishing it from other ilinesses that
may require alternative courses of treatment
[48].

The most commonly recommended treatment
plan for tumour progression-free survival of
more than 60 months is surgical resection with
extensive excision, either with or without radio-
therapy, as highlighted by Ahmed et al. in their
comprehensive analysis [39]. This is consistent
with observations made by Barber et al. and
Walcott et al. [43, 48]. In light of the aforemen-
tioned circumstances and the body of litera-
ture, it is determined that prompt diagnosis,
precise preoperative staging, a decisive and
sufficient surgical resection with established
tumour-free cut margins, and vigilant observa-
tion and follow-up are necessary for the effec-
tive therapy of coccygeal chordoma [41, 47].
Conservative treatments, such as radiotherapy
with thorough monitoring, can be taken into
consideration for patients who are refusing
surgery.

Although the advancement of recent surgical
techniques and some favourable results with
the use of targeted therapy, there is still de-
creased control of the disease and poor prog-
nosis in long-term follow up [49, 50]. Never-
theless, patients’ quality of life and, outcomes
improve if managed by a multidisciplinary team
(surgeons, medical oncologists, pathologists,
radiologists, and radiotherapists).

Conclusion

Sacral chordoma is a rare malignant tumour of
the axial skeleton developing from notochordal
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remnants of the embryo. Brachyury gene is
important immunohistochemical indicator in its
pathogenesis. Symptoms of chronic back pain
or urinary/bowel dysfunction because of nerve
root compression are common in patients with
sacral chordoma. X rays, CT scan and MRI are
investigations crucial to delineate the size
and extent of the lesion and en bloc resection
is commonly done in such patients. Post ope-
ratively, Histopathology report confirms the
diagnosis. Although not completely estab-
lished, high-dose photon and proton radiother-
apy could enhance local control for tumors that
can't be removed. Irinotecan, sunitinib, Siro-
limus, erlotinib, lapatinib are some of the drugs
currently undergoing trials in the management
of this condition.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Aakarsh Aggarwal,
All India Institute of Medical Sciences, Jodhpur,
Rajasthan, India. Tel: +91-9015759696; E-mail:
aakarshaggarwall@gmail.com

References

[1]  XuQ, GuH, Liu X, Liu H, Zhou Y, Chen G, Dai M
and Zhang B. Giant sacrococcygeal chordoma:
a case report. Medicine (Baltimore) 2018; 97:
e13748.

[2] Corallo D, Trapani V and Bonaldo P. The noto-
chord: structure and functions. Cell Mol Life
Sci 2015; 72: 2989-3008.

[3] Stemple DL. Structure and function of the no-
tochord: an essential organ for chordate devel-
opment. Development 2005; 132: 2503-
2512.

[4] Salisbury JR. The pathology of the human noto-
chord. J Pathol 1993; 171: 253-255.

[5] Peacock A. Observations on the postnatal
structure of the intervertebral disc in man. J
Anat 1952; 86: 162-179.

[6] Salisbury JR, Deverell MH, Cookson MJ and
Whimster WF. Three-dimensional reconstruc-
tion of human embryonic notochords: clue to
the pathogenesis of chordoma. J Pathol 1993;
171: 59-62.

[71  Kerr DA and Rosenberg AE. Chapter 2-pathol-
ogy of chordoma and chondrosarcoma of the
axial skeleton. In: Harsh GR, Vaz-Guimaraes F,
editors. Chordomas and Chondrosarcomas of
the Skull Base and Spine. 2nd edition. Cam-
bridge, MA, USA: Academic Press; 2018. pp.
11-21.

20

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Sun X, Hornicek F and Schwab JH. Chordoma:
an update on the pathophysiology and molecu-
lar mechanisms. Curr Rev Musculoskelet Med
2015; 8: 344-352.

Yang XR, Ng D, Alcorta DA, Liebsch NJ, Sheri-
dan E, Li S, Goldstein AM, Parry DM and Kelley
MJ. T (brachyury) gene duplication confers ma-
jor susceptibility to familial chordoma. Nat
Genet 2009; 41: 1176-1178.

Presneau N, Shalaby A, Ye H, Pillay N, Halai D,
Idowu B, Tirabosco R, Whitwell D, Jacques TS,
Kindblom LG, Bruderlein S, Mdéller P, Leithner
A, Liegl B, Amary FM, Athanasou NN, Hogen-
doorn PC, Mertens F, Szuhai K and Flanagan
AM. Role of the transcription factor T (brachy-
ury) in the pathogenesis of sporadic chordo-
ma: a genetic and functional-based study. J
Pathol 2011; 223: 327-335.

Hu Y, Mintz A, Shah SR, Quinones-Hinojosa A
and Hsu W. The FGFR/MEK/ERK/brachyury
pathway is critical for chordoma cell growth
and survival. Carcinogenesis 2014; 35: 1491-
1499.

Jambhekar NA, Rekhi B, Thorat K, Dikshit R,
Agrawal M and Puri A. Revisiting chordoma
with brachyury, a “new age” marker: analysis
of a validation study on 51 cases. Arch Pathol
Lab Med 2010; 134: 1181-1187.

Horbinski C, Oakley GJ, Cieply K, Mantha GS,
Nikiforova MN, Dacic S and Seethala RR. The
prognostic value of Ki-67, p53, epidermal
growth factor receptor, 1p36, 9p21, 10923,
and 17p13 in skull base chordomas. Arch
Pathol Lab Med 2010; 134: 1170-1176.

Le LP, Nielsen GP, Rosenberg AE, Thomas D,
Batten JM, Deshpande V, Schwab J, Duan Z,
Xavier RJ, Hornicek FJ and lafrate AJ. Recurrent
chromosomal copy number alterations in spo-
radic chordomas. PLoS One 2011; 6: e18846.
Scheil S, Bruderlein S, Liehr T, Starke H, Herms
J, Schulte M and Moller P. Genome-wide analy-
sis of sixteen chordomas by comparative ge-
nomic hybridization and cytogenetics of the
first human chordoma cell line, U-CH1. Genes
Chromosomes Cancer 2001; 32: 203-211.
Hallor KH, Staaf J, Jonsson G, Heidenblad M,
Vult von Steyern F, Bauer HC, ljszenga M, Ho-
gendoorn PC, Mandahl N, Szuhai K and
Mertens F. Frequent deletion of the CDKN2A
locus in chordoma: analysis of chromosomal
imbalances using array comparative genomic
hybridisation. Br J Cancer 2008; 98: 434-442.
Kuzniacka A, Mertens F, Strombeck B, Wiegant
J and Mandahl N. Combined binary ratio label-
ing fluorescence in situ hybridization analysis
of chordoma. Cancer Genet Cytogenet 2004;
151: 178-181.

Pipola V, Girolami M, Ghermandi R, Tedesco G,
Evangelisti G and Gasbarrini A. Cryosurgery in

Am J Neurodegener Dis 2024;13(3):13-22


mailto:aakarshaggarwal1@gmail.com

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

21

Management of sacral chordoma in a post-poliotic residual paralysis patient

the excision of a giant local recurrent sacral
chordoma: a case report and literature review.
Eur Spine J 2018; 27: 3059-3063.

Cheong YW, Sulaiman WA and Halim AS. Re-
construction of large sacral defects following
tumour resection: a report of two cases. J Or-
thop Surg (Hong Kong) 2008; 16: 351-4.
Doita M, Harada T, Iguchi T, Sumi M, Sha H,
Yoshiya S and Kurosaka M. Total sacrectomy
and reconstruction for sacral tumors. Spine
(Phila Pa 1976) 2003; 28: E296-301.
Pennicooke B, Laufer |, Sahgal A, Varga PP, Go-
kaslan ZL, Bilsky MH and Yamada YJ. Safety
and local control of radiation therapy for chor-
doma of the spine and sacrum: a systematic
review. Spine (Phila Pa 1976) 2016; 41 Suppl
20: S186-S192.

Rotondo RL, Folkert W, Liebsch NJ, Chen YL,
Pedlow FX, Schwab JH, Rosenberg AE, Nielsen
GP, Szymonifka J, Ferreira AE, Hornicek FJ and
DelLaney TF. High-dose proton-based radiation
therapy in the management of spine chordo-
mas: outcomes and clinicopathological prog-
nostic factors. J Neurosurg Spine 2015; 23:
788-797.

York JE, Kaczaraj A, Abi-Said D, Fuller GN, Skib-
ber JM, Janjan NA and Gokaslan ZL. Sacral
chordoma: 40-year experience at a major can-
cer center. Neurosurgery 1999; 44: 74-79; dis-
cussion 79-80.

Dial BL, Kerr DL, Lazarides AL, Catanzano AA,
Green CL, Risoli T Jr, Blazer DG, Goodwin RC,
Brigman BE, Eward WC, Larrier NA, Kirsch DG
and Mendoza-Lattes SA. The role of radiother-
apy for chordoma patients managed with sur-
gery: analysis of the national cancer database.
Spine (Phila Pa 1976) 2020; 45: E742-E751.
Park L, Delaney TF, Liebsch NJ, Hornicek FJ,
Goldberg S, Mankin H, Rosenberg AE, Rosen-
thal DI and Suit HD. Sacral chordomas: impact
of high-dose proton/photon-beam radiation
therapy combined with or without surgery for
primary versus recurrent tumor. Int J Radiat
Oncol Biol Phys 2006; 65: 1514-1521.
Gendreau J, Kuo CC, Mehkri Y, Chakravarti S,
Lu B, Lubelski D, Redmond KJ, Bettegowda C
and Mukherjee D. Radiotherapy after gross-to-
tal resection and subtotal resection of spinal
chordoma: a SEER database analysis of over-
all survival outcomes. J Neurosurg Spine
2023; 39: 411-418.

Yolcu Y, Wahood W, Alvi MA, Kerezoudis P, Oku-
no SH, Foote RL and Bydon M. Evaluating the
role of adjuvant radiotherapy in the manage-
ment of sacral and vertebral chordoma: re-
sults from a national database. World Neuro-
surg 2019; 127: e1137-e1144.

Chen YL, Liebsch N, Kobayashi W, Goldberg S,
Kirsch D, Calkins G, Childs S, Schwab J, Horn-

[29]

[30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

icek F and DeLaney T. Definitive high-dose pho-
ton/proton radiotherapy for unresected mobile
spine and sacral chordomas. Spine (Phila Pa
1976) 2013; 38: E930-E936.

Moojen WA, Vleggeert-Lankamp CL, Krol AD
and Dijkstra SP. Long-term results: adjuvant
radiotherapy in en bloc resection of sacrococ-
cygeal chordoma is advisable. Spine (Phila Pa
1976) 2011; 36: E656-E661.

Yamada Y, Laufer |, Cox BW, Lovelock DM, Maki
RG, Zatcky JM, Boland PJ and Bilsky MH. Pre-
liminary results of high-dose single-fraction ra-
diotherapy for the management of chordomas
of the spine and sacrum. Neurosurgery 2013;
73:673-680.

Azzarelli A, Quagliuolo V, Cerasoli S, Zucali R,
Bignami P, Mazzaferro V, Dossena G and Gen-
nari L. Chordoma: natural history and treat-
ment results in 33 cases. J Surg Oncol 1988;
37: 185-191.

Bilsky MH, Gerszten P, Laufer | and Yamada Y.
Radiation for primary spine tumors. Neurosurg
Clin N Am 2008; 19: 119-123.

Stacchiotti S and Sommer J; Chordoma Global
Consensus Group. Building a global consensus
approach to chordoma: a position paper from
the medical and patient community. Lancet
Oncol 2015; 16: e71-e83.

Chugh R, Dunn R, Zalupski MM, Biermann JS,
Sondak VK, Mace JR, Leu KM, Chandler WF
and Baker LH. Phase Il study of 9-nitro-campto-
thecin in patients with advanced chordoma or
soft tissue sarcoma. J Clin Oncol 2005; 23:
3597-3604.

Casali PG, Messina A, Stacchiotti S, Tamborini
E, Crippa F, Gronchi A, Orlandi R, Ripamonti C,
Spreafico C, Bertieri R, Bertulli R, Colecchia M,
Fumagalli E, Greco A, Grosso F, Olmi P, Pierotti
MA and Pilotti S. Imatinib mesylate in chordo-
ma. Cancer 2004; 101: 2086-2097.
Stacchiotti S, Marrari A, Tamborini E, Palassini
E, Virdis E, Messina A, Crippa F, Morosi C, Gron-
chi A, Pilotti S and Casali PG. Response to ima-
tinib plus sirolimus in advanced chordoma.
Ann Oncol 2009; 20: 1886-1894.

George S, Merriam P, Maki RG, Van den Ab-
beele AD, Yap JT, Akhurst T, Harmon DC,
Bhuchar G, O’'Mara MM, D’Adamo DR, Morgan
J, Schwartz GK, Wagner AJ, Butrynski JE,
Demetri GD and Keohan ML. Multicenter
phase Il trial of sunitinib in the treatment of
nongastrointestinal stromal tumor sarcomas. J
Clin Oncol 2009; 27: 3154-3160.

Migliorini D, Mach N, Aguiar D, Vernet R, Lan-
dis BN, Becker M, McKee T, Dutoit V and Diet-
rich PY. First report of clinical responses to im-
munotherapy in 3 relapsing cases of chordoma
after failure of standard therapies. Oncoimmu-
nology 2017; 6: €1338235.

Am J Neurodegener Dis 2024;13(3):13-22



[39]

[40]

[41]

[42]

[43]

[44]

[45]

22

Management of sacral chordoma in a post-poliotic residual paralysis patient

Ahmed AR. Safety margins in resection of
sacral chordoma: analysis of 18 patients. Arch
Orthop Trauma Surg 2009; 129: 483-487.
Teuscher J, Aeberhard P and Ganz R. Com-
bined abdominosacral excision of a giant-cell
tumor of the os sacrum. Helv Chir Acta 1980;
46: 751-3.

Asavamongkolkul A and Waikakul S. Wide re-
section of sacral chordoma via a posterior ap-
proach. Int Orthop 2012; 36: 607-612.

Desai R, Pelargos PE and Dunn IF. Chordoma:
genetics and contemporary management. Int J
Mol Sci 2024; 25: 5877.

Walcott BP, Nahed BV, Mohyeldin A, Coumans
JV, Kahle KT and Ferreira MJ. Chordoma: cur-
rent concepts, management, and future direc-
tions. Lancet Oncol 2012; 13: e69-e76.

Pillai S and Govender S. Sacral chordoma: a
review of literature. J Orthop 2018; 15: 679-
684.

Ferraresi V, Nuzzo C, Zoccali C, Marandino F,
Vidiri A, Salducca N, Zeuli M, Giannarelli D,
Cognetti F and Biagini R. Chordoma: clinical
characteristics, management and prognosis of
a case series of 25 patients. BMC Cancer
2010; 10: 22.

[46]

[47]

(48]

[49]

(50]

Cheng EY, Ozerdemoglu RA, Transfeldt EE and
Thompson RC Jr. Lumbosacral chordoma.
Prognostic factors and treatment. Spine (Phila
Pa 1976) 1999; 24: 1639-45.

Atalar H, Selek H, Yildiz Y and Saglik Y. Man-
agement of sacrococcygeal chordomas. Int Or-
thop 2006; 30: 514-518.

Barber SM, Sadrameli SS, Lee JJ, Fridley JS,
Teh BS, Oyelese AA, Telfeian AE and Gokaslan
ZL. Chordoma-current understanding and
modern treatment paradigms. J Clin Med
2021; 10: 1054.

Schwab JH, Healey JH, Rose P, Casas-Ganem J
and Boland PJ. The surgical management of
sacral chordomas. Spine (Phila Pa 1976)
2009; 34: 2700-2704.

Bergh P, Kindblom LG, Gunterberg B, Remotti
F, Ryd W and Meis-Kindblom JM. Prognostic
factors in chordoma of the sacrum and mobile
spine: a study of 39 patients. Cancer 2000;
88:2122-2134.

Am J Neurodegener Dis 2024;13(3):13-22



