Supplementary material to: Randolph-Quinney PS, Williams SA, Steyn M, Meyer MR, Smilg JS,
Churchill SE, et al. Osteogenic tumour in Australopithecus sediba: Earliest hominin evidence for

neoplastic disease. S AfrJ Sci. 2016;112(7/8), Art. #2015-0470, 7 pages. http://dx.doi.

org/10.17159/sajs.2016/20150470

Differential diagnosis of U.W. 88-37

Table 1. Clinical and epidemiological characteristics: Primary and secondary differential diagnoses
for U.W. 88-37 vertebral lesion

Disease

Pathological expression

Elements and regions
affected

Prevalence (where
known)

Osteoid osteoma
(00)

Benign painful tumour. Usually less than 20
mm diameter. Presents clinically as a nidus
framed with a thin fibrovascular rim
surrounded by sclerotic tissues of host bone.
Radiologically seen as round or oval lesions less
than 2 cm in diameter, with a 1-2 mm
peripheral radiolucent zone in radiographs.

80% of cases found in the
long bones. 5-10% of
cases found in spine; of
these 59% affect lumbar
region, 27% cervical, 12%
thoracic, and 2% sacrum.

Common. Accounts for
over 12% of bone-
forming tumours.
Mainly affects
individuals younger
than 30 years. Male to
female ratio 2.2:1.

Osteoblastoma (OB)

Also called giant osteoid osteoma. Benign
bone-forming tumour; but can present with
more aggressive characteristics than 0OO.
Undergoes continuous remodelling and
presents as sharply marginated structure with
peripheral rind of sclerotic bone; in active
cases trabeculae connect with the bony edge
of the tumour. May present a nidus
surrounded by radiolucent halo similar to OO;
25% of cases mimic a malignant growth.

30-36% of cases occur in
the vertebral column;
affects dorsal elements
(lamina, pedicle,
tranverse or spinous
process).

Very rare; accounts for
less than 1% of all
bone-forming tumours.
80-90% of cases are
seen in patients
younger than 30 years.
Male to female ratio
1.9:1

Giant cell tumour
(GCT)

Benign tumour. Typically presents as large,
diffuse and ill-defined osteolytic areas; lesions
tend to be aggressive with multiple
compartments. The characteristic radiological
features include localised osteolysis with
trabeculation in the long bone epiphysis, with
metaphyseal extension after physeal fusion
and ballooning in flat and irregular bones.

Most common at the end
of long bones. The spine
is involved in only 7% of
cases. When GCT does
affect spine, sacrum is
usually involved, affecting
90% of cases.

Rare; accounts for 5%
of all bone tumours.
Most cases are found
in adults between 30
and 40 years of age.
Condition is slightly
more common in
women than men.

Aneurysmal bone

This is a spongy, multilocular, cystic lesion

Can affect virtually any

Rare; occurs in around

cyst (ABC) containing freely flowing blood or fluid. Arises bone, but around 54% of 3% of biopsied bone
as a consequence of primary bone tumours or cases are found in the tumours. 80% of cases
trauma. Some aneurysmal cysts present with long bones and 16% of occur under 20 years of
extensive periosteal new bone formation, cases affect spine. In age. Male to female
whereas others are filled with new bone. vertebrae, it commonly ratio 2.5:1.
Radiologically, ABC appears as a lytic, fluid- affects the posterior
filled mass with well-defined smooth margins, elements and has a
often with cortical expansion, although the predilection for the
periosteum usually stays intact. thoracic region.

Enostosis Not specifically a neoplasm. The lesion is Can affect any bone. General incidence is

composed of compact lamellar bone and
expresses as ovoid, round or oblong in shape,
measuring between 2 mm and 20 mm in
diameter. When an enostosis occurs in a
vertebra, it may have an osteoma-like
appearance and is termed an endosteoma.
Enostoses in the vertebrae are usually ivory-
dense, and border but do not invade the
endplate.

Specific regional
incidence is unknown, but
primarily affects the long
bones, followed by pelvis
and spine.

unknown. Males and
females are nearly
equally affected.




Disease

Pathological expression

Elements and regions
affected

Prevalence (where
known)

Fibrous cortical
defect (FCD)

Also known as fibroxanthoma or benign fibrous
histiocytoma. Benign bony lesion is
histologically identical to larger non-ossifying
fibroma (NOF). Appear as small (< 20-30 mm)
lucent defects within the cortex that become
sclerotic as they heal. Radiographically, FCD
presents as a longitudinally stretched lucent
defect surrounded by a thin sclerotic rim in the
metaphyses of the long bones.

Typically located in distal
femur, proximal or distal
tibia, and less frequently
in upper limb. Very rare
in vertebrae, with only 11
such cases having been
reported worldwide by
2010.

Typically occur in
children. One of the
most common benign
bony lesions; when
combined with NOF,
are seen in up to 30—
40% of subadults. Male
to female ratio 2:1.

Plasmacytoma (PM)

Plasmacytoma is a systemic malignant cancer.
Typically presents as ill-defined osteolytic
areas. Commonly leads to complete
destruction of vertebra, including intrusion
into contents of neural canal.

Has a predilection for the
thoracic spine and can
involve the posterior
vertebral components.

PM is the most
frequent primary
tumour affecting the
skeleton.

Eosinophilic
granuloma (EO)

Also known as Langerhans-cell histiocytosis.
Benign. Resembles an inflammatory process
rather than neoplasm. Presents as single
autoimmune tumour because of the
overproduction of histiocytes. Solitary lesions
typically have a broad zone of transition, with
ill-defined borders, indicating aggressive
growth.

Usually manifests in the
thoracic spine; affects the
centrum, leading to a
collapse and flattening.
May also occasionally
appear on posterior
vertebral components.

General incidence is
unknown. Most
frequently observed in
children aged 5-15
years. Male to female
ratio 2:1.

Hydatid cyst
infection (HCI)

A parasitic infestation. One of the oldest
worldwide human diseases known; caused by
larval Echinococcus granulosus tapeworm.
Spreads by drinking water or eating plants
contaminated with faeces of carnivores. In
vertebrae, it is characterised by multivesicular
diffuse infiltration of cancellous bone,
including corpus, pedicles and laminae.
Common in thoracic region, but does not
remain localised.

Frequency of skeletal
involvement is rare,
leading to bony changes
in only 2% of cases. Of
these, vertebral column is
the most common site of
expression — occurring in
around 42% of skeletal
cases.

The present and
archaeological
distribution of the
disease is closely tied
to the use of dogs for
herding cattle and
sheep. No age or sex
bias is reported in
clinical cases.

Source: Data derived from listed references' >




Differential diagnosis of U.W. 88-37: Bayesian statistical parameters

To quantifiably assess the likelihood of the differential diagnosis between osteoid osteoma
and osteoblastoma, we applied Bayes Theorem of conditional probability to differentiate
between the two pathological conditions. The Bayesian approach assesses the likelihood of
the incidence of a particular event. It enables the combination of objective probabilities,
such as clinical data, and subjective probabilities (e.g. knowledge and experience of
clinicians) to calculate these probability estimates.?

The statistical basis of Bayes Theorem is an understanding of the probability (P) of the
occurrence of an event, or of a hypothesis (H) being true, given a particular set of evidence
(E). In addition, the theorem uses influential background knowledge or information (b) that
is available when the likelihood of H is considered.”’*' We thus focus on the relationship
between independent and non-independent events which influence the final outcome
probability.?”**
H is conditional or dependent on available evidence E. This calculation is usually denoted as

The P of H is referred to as conditional probability, which acknowledges that

P(H \ E), which can be read as ‘the probability of event H, given evidence E’. The vertical bar
separates the event on the left (whose probability is of interest) from events on the right
(whose outcomes are known and may affect the probability of the event of interest). The
vertical bar therefore means ‘conditional on’. Furthermore, P(H ‘ E.b) represents the
probability of H given E, taking into account relevant background information b. This is
calculated as follows:

P(H|b)P(E|H.b)

P(H|E.b) = P(H|b)P(E[H.b) + P(=H|b)P(E| —H.b)

Where P(H) is the prior probability that H is true, and P(—H) the prior probability that H is
false. P(E ‘ H) and P(E | —H) represent conditional or consequent probabilities given available
evidence and background information. Based on clinical incidence data, we estimate the
prior and consequent probabilities for the two pathological conditions of interest, as shown
in Table S2.

Table S2. Bayes Theorem parameters for calculating relative probability estimates for primary and
secondary differential diagnoses for U.W. 88-37 vertebral lesion

Probability function Osteoblastoma: Osteoid osteoma:
clinical incidence clinical incidence

P(H|b) 0-01 0-12

P(—H | b) 0-99 0-88

P(E|H.b) 0-36 0-10

P(E|—H.b) 0-05 0-05

Relative Probability 0-068 0-214




The basis of our analysis starts from acceptance that the pathological condition H is caused
by primary neoplastic disease of bone. Based on published epidemiological incidence data
for osteoid osteoma®®?! and osteoblastoma’®?, we accept the prior probability that P(H | b)
represents osteoblastoma (OB) as 1% (P = 0:01) and osteoid osteoma (00) as 12% (P=0-12).
Hence OB accounts for less than 1% of bone-forming tumours, whereas OO expresses in
around 12% of clinical cases. P(—H | b) represents the probability that P(H | b) is false. We
next assume conditional probabilities [P(E ‘ H.b)] based on the specific anatomical region
where each condition manifests in the skeleton. In this case, we assume P=0.36 for
osteoblastoma (up to 36% of cases of OB occur in the vertebral column) and P=0-1 for
osteoid osteoma (up to 10% of OO cases occur in the region). A false likelihood probability
of 5% (P=0-05) is accepted for each condition. On the basis of these prior and conditional
probabilities of expression in the vertebral column (as opposed to elsewhere in the
skeleton), we derive a conditional probability of 0-214 for the likelihood of osteoid osteoma,
and 0-068 for osteoblastoma. This result indicates a 3-75-fold likelihood that osteoid
osteoma rather than osteoblastoma is represented in the case under study.

Methods of image data acquisition and visualisation

The U.W. 88-37 vertebral specimen was imaged using propagation phase-contrast X-ray
synchrotron microtomography, performed at the European Synchrotron Radiation Facility
(ESRF) in Grenoble, France, on the beamline ID19. The imaging was done immediately after
the complete imaging of the skull of MH1 performed on ID17.2* This technique is today
widely accepted as the gold standard for high quality 3D non-destructive imaging fossils.>**
The specimen was imaged in conjunction with a number of other anatomical elements from
MH1 of similar size; the specimen was later cropped out from the combined plate to obtain

an isolated volume.

Regarding the size and mineralisation level of the specimens, we used a high-energy
polychromatic beam on the beamline ID19 of 55*10mm. To reach suitable effective energy,
the white beam produced by the ID19 W150 wiggler with a gap closed at 60 mm was
filtered with 3 mm of aluminium and 1 mm of copper, resulting in an average energy of
72 keV. The detector was a FreLoN 2K (Fast Readout Low Noise) CCD (charged couple
device) camera®, mounted on an optical system providing a final voxel size of 30.93 um.
This indirect detector was coupled with a 750-um-thick LuAG:Ce (Lutetium Aluminium
Garnet doped with Cerium) scintillator. When combining the polychromatic spectrum with
the detector properties, the average detected energy was 76 keV (see source and detected
spectrums). These parameters allow about 30% of minimum transmission through the
specimens, with a reasonably small bandwidth (see Figure S3). The result is data that are
nearly free of beam-hardening artefacts, but with a far faster acquisition speed than when
using monochromatic beam and at a higher dynamical level. A propagation distance of



900 mm was used to obtain some phase-contrast effect, to enhance the visibility of the
smallest structures and to increase the signal-to-noise ratio.

The plate with the different samples mounted was imaged using half-acquisition geometry
(centre of rotation on one side of the field of view, coupled with 360° rotation) to increase
the lateral field of view 1-8-fold relative to the normal view. Scans were performed using
4000 projections of 0-2 s each, over 360°, in continuous rotation mode. We used the frame
transfer mode of the camera, which allows one to work without a physical shutter as long as
the exposure time is greater than 0-1s. Each scan lasted 21 min, and 24 scans were
performed to image the full plate. The specimen was moved by half of the vertical field of
view for each new scan, to ensure that each part of the fossils was imaged twice, using both
the centre and border of the beam. This double-scanning approach, with suitable vertical
concatenation, avoids the vertical power and spectral gradients from the wiggler source,
ensuring constant dynamical level for the imaging of the whole specimen.

The radiographic data were then reconstructed using PyHST software (developed at ESRF).
The reconstructions were based on filtered back-projection algorithms combined with a
single distance phase retrieval process, adapted from Paganin and coIIeagues36. We applied
the reconstruction protocol described by Sanchez and colleagues®’, by adding a 3D unsharp
filter on the reconstructions after the phase retrieval process. This compensates for blurring
introduced by the algorithm and allows retention of the higher sensitivity of phase retrieval
process, without loss of the resolution from the edge detection effect. This approach can
provide data similar to absorption contrast, as the specimens are relatively homogeneous
regarding their chemical composition, but with a signal-to-noise ratio about 50 times better
than real absorption scans, and a higher visibility of small details.?’ Finally, a light correction
of ring artefacts was applied on reconstructed slices to ensure the highest possible quality of
the final volume.

The 3D renderings and segmentation were performed using the software VGStudioMax 2-2
(Volume Graphics, Heidelberg, Germany). The rendering for solid views was performed with
Phong’s algorithm in volume rendering, with false colours attributed to different grey levels
of tomographic data (dark brown for bone to light brown for matrix), and a projected
shadow effect. Segmentation of the lesion was made in three steps. First, missing bone
surface was recreated by a mirror image of the other side of the vertebra, to delineate the
volume of lesion enclosed in the original bone shape. Then the empty cavity was segmented
by simple region growing. Finally, a manual segmentation mask was performed for the area
still filled with matrix, by careful delineation on one slice in every four. This first mask was
then used to constrain a new region growing to segment only the matrix part, after which
the bone was removed from the original segment. The final result was segmentation as
close as possible to the real lesion surface, up to the detail levels. The 3D rendering of the
lesion was then performed using false colours attributed to the grey levels (from red applied
on air and matrix to light pink for voxels in direct contact with bones). Finally, a semi-
transparent model of the complete vertebra with the lesion was prepared by selecting a 10-
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voxel-thickness layer on the whole surface of the vertebra, set as transparent with Phong
algorithm at 10%. (See Supplementary Figure S1.) All this imaging, data processing,
segmentation and 3D rendering were performed by P.T.

Additional imaging of user-defined and oriented orthoslices was undertaken by P.S.R.Q.
using Avizo Amira 5-4-5. Orthoslices were produced through secondary reconstruction of
the image volume, with manipulation of orthogonal axes using the multi-planar viewer
facility (see Supplementary Figure S2).

Additional medical imaging data

Figure S1: (a) vertebra U.W. 88-37.



Figure S1: (b) additional images of surface-rendered image volume.

Images produced by P.T.



Figure S2: Sagittal slices through vertebra U.W. 88-37 derived from phase-contrast X-ray synchrotron
microtomography. Relative position and anatomical orientation of orthoslices A, B and C are shown on the
volume-rendered model. The posterior portion is sclerotic, with circumscribed margins of well-integrated
cortical bone, abutted and intersected by trabecular striae, with remodelling and reorganisation of the
cortex. The anterior portion of the lesion displays a geographic pattern of bone destruction, showing a
sharp non-sclerotic margin and evidence of active osteolytic processes, with sharply defined transection of
individual trabeculae, and active osteolytic penetration into the anterior portion of the lamina. Images
produced by P.S.R.Q.
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Figure S3: Source and detected spectrum for imaging of U.W. 88-37 conducted on beamline ID19
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