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Because of its role in infection and inflammatory processes, the

chemokine receptor CXCR4 might be a potent target in imaging of
infectious and inflammatory diseases. The aim of this pilot study

was to determine whether the CXCR4 ligand 68Ga-pentixafor is suit-

able for imaging chronic infection of the bone. Methods: The study
comprised 14 patients with suspected infection of the skeleton who

underwent 68Ga-pentixafor PET/CT between April 2015 and Febru-

ary 2017 in our facility. 68Ga-pentixafor PET/CT results were retro-

spectively evaluated against a histologic, bacteriologic, and clinical
standard. The results were also compared with available bone scin-

tigraphy, white blood cell scintigraphy, and 18F-FDG PET/CT re-

sults. Results: 68Ga-pentixafor PET/CT was positive in 9 of 14

patients. Diagnoses included osteitis or osteomyelitis of peripheral
bone, osteomyelitis of the maxilla, and infected endoprostheses.

Target-to-background ratios were 5.1–15 (mean, 8.7). Eight of 9

cases were true-positive as confirmed by pathology, bacteriology,
or clinical observation. All negative cases were confirmed as true-

negative by other imaging modalities and follow-up. Conclusion:
Imaging of CXCR4 expression with 68Ga-pentixafor PET/CT ap-

pears suitable for diagnosing chronic infection of the skeleton.
The findings of this study reveal a possible diagnostic gain in sus-

pected chronic infections that are difficult to diagnose by other

imaging modalities.
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Diagnosis of skeletal infections presents a clinical and diag-
nostic challenge because patients present with a variety of clinical
symptoms. The diagnostic workup usually includes a combination
of clinical, laboratory, and imaging findings. Whereas acute post-
traumatic infections (first 2 wk after trauma or surgery) are usually
diagnosed by clinical examination, common signs of infection
might be absent in later phases and additional diagnostics are
crucial (1). In acute osteomyelitis, the innate immune response,
mainly including neutrophils and macrophages, is essential.

Chronic osteomyelitis shows a more heterogeneous distribution
of leukocytes in which components of the adaptive immune re-
sponse are leading. Even though neutrophils can still play a role in
chronic phases, they can be absent in some situations and lym-
phocytes might become the major fraction of immune cells (2).
Because of its role in inflammatory processes and its high expres-
sion levels on lymphocytes, the chemokine receptor CXCR4
might be a potent target in imaging chronic infectious diseases.
Various tumor cells overexpress CXCR4, and the radiolabeled
CXCR4 ligand 68Ga-pentixafor, developed in 2011, has been
shown useful in imaging multiple myelomas, gliomas, and small
cell lung cancer (3–10).
The aim of this proof-of-principle study was to determine

whether 68Ga-pentixafor PET/CT is a suitable method for imaging
chronic infectious diseases of the skeleton.

MATERIALS AND METHODS

Patients

In total, 27 consecutive patients who underwent 68Ga-pentixafor
PET/CT in our facility between April 2015 and February 2017 were

evaluated retrospectively. Thirteen patients were excluded, as the
clinical question was carcinoma or large-vessel vasculitis and did

not include infection of the bone. Therefore, the study comprised 14
consecutive patients (7 women and 7 men aged 19–78 y; mean age,

57 y) with suspected osteomyelitis. The suspected diagnosis was
decided by clinical or laboratory results in the department of ortho-

pedics or oral and maxillofacial surgery, and imaging of infection of
the bone was requested. Patients came to our department following a

routine workflow in which bone scintigraphy is the first line of
nuclear medicine imaging. The second step of the routine workflow

includes leukocyte imaging. In each case, the use of either white
blood cell (WBC) imaging or 68Ga-pentixafor PET/CT was dis-

cussed with the referring colleagues, and the most suitable method
was chosen.

All patients were in a postinterventional stage. The suspected
diagnoses included postoperative osteitis or osteomyelitis of periph-

eral bone (n 5 2), postoperative spondylitis (n 5 3), postinterven-

tional osteitis or osteomyelitis of maxillofacial bone (n 5 4), and
infections of endoprostheses (n 5 5).

68Ga-pentixafor PET/CT was performed 2–103 mo (mean, 20 mo)
after the last surgical intervention. 68Ga-pentixafor PET/CT results

were evaluated by histology, bacteriology, C-reactive protein (CRP)
levels, and clinical follow-up. If available, the results of bone scan-

ning, WBC scanning, and 18F-FDG PET/CT were compared with
those of 68Ga-pentixafor PET/CT.

All procedures involving human participants were in accordance
with the ethical standards of the institutional or national research
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committee and with the 1964 Helsinki Declaration and its later

amendments or comparable ethical standards. The institutional review
board approved this retrospective study. All patients signed an

informed consent form.

Radiochemistry

Radiolabeling of 16 nmol of pentixafor peptide (Scintomics) was
performed with a median of 1,200 MBq (range, 600–2,000 MBq) of
68GaCl3 (68Ge/68Ga generator; iThemba Labs) in a GRP Module
(Scintomics) using the cationic purification method according to

good-manufacturing-practice quality standards. Radiochemical purity
was determined by thin-layer chromatography and high-performance

liquid chromatography (11,12). The peptide amount for each patient
was restricted to 8 nmol of pentixafor.

PET/CT
68Ga-pentixafor PET/CT was performed on a Gemini TF16 PET/

CT scanner (Philips) with a 144 · 144 matrix and a 4-mm slice
thickness, using low-dose CT with a 512 · 512 matrix and a 2-mm

slice thickness for attenuation correction (CT attenuation correction–
Scharfetter-Gummel algorithm). The reconstruction was performed using

the line-of-response time-of-flight row-action maximum-likelihood
(blob ordered-subset time-of-flight) algorithm.

68Ga-pentixafor PET/CTwas performed on all patients 60 min after
injection of 166–300 MBq (mean, 245 MBq) of 68Ga-pentixafor. Ad-

ditionally, 3 patients were scanned using a biphasic protocol (30 and
60 min), and 2 patients were scanned at 3 different time points (30, 60,

and 90 min) to determine the optimal time point for 68Ga-pentixafor
PET/CT imaging. Later time points were not studied because of un-

favorable count statistics.
A diagnostic CT scan of the area of interest was obtained without

the use of contrast agent for all patients. A nuclear medicine physician
and a radiologist separately reviewed the images. 68Ga-pentixafor

uptake was evaluated visually, and SUVmax was ascertained for semi-
quantitative analysis (SUV 5 r(a9/w), where r is the activity concen-

tration [kBq/mL] measured by the PET scanner within a region of
interest, a9 is the amount of injected radiolabeled 18F-FDG [kBq], and

w is the weight of the patient [g]). The SUVmean within a standardized
rectangular region (25 cm2) was measured for contralateral peripheral

bone. Furthermore, target-to-background ratios (TBRs) were calcu-

lated as a surrogate marker for lesion contrast as follows: SUVmax

(lesion)/SUVmean (background).

Interpretation of Findings
68Ga-pentixafor PET/CT findings were positive if uptake stronger

than in the surrounding tissue was seen outside the physiologic
distribution. 68Ga-pentixafor PET/CT findings were true-positive

when histology, bacteriology, laboratory, or indisputable macro-
scopic findings in clinical follow-up confirmed the PET/CT result.

False-positive findings included PET/CT with abnormal 68Ga-
pentixafor uptake that could not be confirmed by other imaging

methods (MRI or radiography) and clinical or laboratory follow-up.
True-negative findings included 68Ga-pentixafor PET/CT with physio-

logic uptake that did not show any disease in other modalities and
findings confirmed by clinical follow-up, CRP, or bacteriology. False-

negative findings were defined as PET/CT with physiologic uptake
that showed disease in other imaging methods or follow-up. Non–

attenuation-corrected PET images were additionally reviewed, be-

cause attenuation correction might mimic increased tracer uptake in
implants.

The results of bone scanning, WBC scanning, and 18F-FDG PET/
CT were assessed by applying the same principles and methods as

used in the evaluation of 68Ga-pentixafor PET/CT.

Statistical Analysis

All data are given as mean 6 SE. Unpaired t tests and linear regres-
sion were used for statistical evaluation. Data were analyzed for normal

distribution. The Grubbs test was used to identify statistical outliers, and
one significant statistical outlier was removed (P , 0.05) (Supplemental

Fig. 1; supplemental materials are available at http://jnm.snmjournals.
org). All statistics were calculated using Microsoft Excel or Prism

(GraphPad Software), version 6.0e, for Mac (Apple).

RESULTS

68Ga-Pentixafor PET/CT Results
68Ga-pentixafor PET/CT was positive in 9 of 14 patients, find-

ing osteitis or osteomyelitis of the peripheral bone (n 5 3), osteo-
myelitis of the maxilla or mandibula (n 5 2), and spondylodiskitis
and infected endoprostheses (n 5 4).
SUVmax was 2.2–4.5 (mean, 3.3), and TBR was 5.1–15 (mean, 8.7).

In 5 cases, a multiphasic protocol was used for image acquisition. In 3 of
these cases, 68Ga-pentixafor PET/CT was positive. TBR did not sig-
nificantly differ at 30, 60, or 90 min after injection of 68Ga-pentixafor.

68Ga-pentixafor PET/CT results were confirmed in 8 of 9 pa-
tients with PET/CT-positive findings by pathology (n 5 3), bac-
teriology (n5 3), and clinical follow-up (n5 2) and therefore was
true-positive. Pathology confirmed chronic lymphocytic osteomy-
elitis in 3 cases. Bacteriology showed Staphylococcus aureus on
an external fixator, on a partial knee replacement, and on a spacer
from a removed knee arthroplasty. One patient showed a purulent
fistula surrounding a metatarsophalangeal prosthesis on follow-up.
The prosthesis was removed afterward, and the CRP values nor-
malized postoperatively. A histologic or bacteriologic examination
of the prosthesis was not performed (Fig. 1). The remaining pa-
tient showed an infected knee endoprosthesis on 68Ga-pentixafor
PET/CT, and CRP normalized after removal of the prosthesis.

FIGURE 1. Infected metatarsophalangeal prosthesis in 43-y-old

woman with elevated CRP 14 mo after intervention. (A and B) 68Ga-

pentixafor PET/CT shows elevated tracer uptake at infected prosthesis

at right metatarsophalangeal joint I in transversal (A) and sagittal (B)

views. (C) Transversal non–attenuation-corrected PET image also

shows increased uptake around prosthesis, indicating that attenuation

correction does not influence outcome of 68Ga-pentixafor PET/CT by

mimicking increased tracer uptake. (D) Planar view of 111In-oxine scin-

tigraphy 24 h after injection is negative for uptake.

68GA-PENTIXAFOR PET/CT IN BONE INFECTION • Bouter et al. 321

http://jnm.snmjournals.org
http://jnm.snmjournals.org


One 68Ga-pentixafor PET/CT–positive finding was false-positive.
MRI showed a necrotic plasmacytoma in a vertebral body instead
of spondylitis. This patient initially showed a positive CRP result,
which persisted during follow-up (Fig. 2).
The results of 68Ga-pentixafor PET and diagnostic CT were

concordant in 4 of 9 cases. The remaining 5 cases were negative
on CT but positive on PET.
CRP was initially positive on 6 of 8 true-positive cases, ranging

between 10.7 and 167 mg/L (mean, 46.2 mg/L), and normalized in
all true-positive cases during follow-up. SUVmax did not correlate
with CRP levels (r 5 0.002, Supplemental Fig. 1).

68Ga-pentixafor PET/CT was negative in 5 of 14 patients. The
PET/CT results were confirmed by follow-up with indisputable
results (n 5 5) and therefore were true-negative. The final diag-
noses included broken screws in a case of spondylodesis (n 5 2),
aseptic loosening of a knee endoprosthesis (n 5 2), and postin-
terventional aseptic changes of the mandible.
The results of 68Ga-pentixafor PET and diagnostic CT were

concordant in all 5 cases. The sensitivity of 68Ga-pentixafor
PET/CT was 89%, and the specificity was 83%.
Table 1 shows patient characteristics, PET/CT results, final di-

agnoses, and CRP for 68Ga-pentixafor PET/CT–positive patients.
Table 2 summarizes the results and characteristics of 68Ga-pentixafor
PET/CT–negative patients.

Other Nuclear Medicine Imaging Methods

Other nuclear medicine imaging methods are summarized in
Table 3. Three-phase bone scintigraphy was performed on 11 of

14 patients. All scintigraphy results were positive. The results
were confirmed as true-positive in 7 of 11 patients by pathology
(n5 3) or bacteriology (n5 4). The remaining 4 cases were false-
positive because the results were not confirmed in follow-up.

18F-FDG PET/CT was performed on 4 patients. The results
were true-negative in one case of suspected spondylodiskitis and
positive in 2 cases of osteitis or osteomyelitis of the peripheral
bone and one of spondylodiskitis. SUVmax was 3.2–7 (mean, 5.6),
and TBR was 4.5–17.5 (mean, 10.5). There were no significant
differences in TBR between 68Ga-pentixafor PET/CT and 18F-
FDG PET/CT (P 5 0,65). Whereas the cases of osteitis and
osteomyelitis were true-positive (proven by bacteriology and pa-
thology), the case of spondylodiskitis was false-positive, showing
a necrotic plasmocytoma on MRI. The distribution pattern of 18F-
FDG was comparable to the pattern of pentixafor uptake except
for one case, a Pilon fracture of the tibia that showed additional
18F-FDG uptake around the bone canals of an external fixator
(SUVmax, 2.2). 68Ga-pentixafor PET/CT was true-negative around
these bone canals.
WBC scintigraphy was performed in 7 cases (111In-oxine–

labeled leukocyte scintigraphy [n 5 6] and 99mTc-besilesomab
[n 5 1]). Scintigraphy was true-positive in 2 of 7 cases as proven
by bacteriology. 111In-oxine scintigraphy showed an infected knee
resurfacing in one case, and 99mTc-besilesomab showed osteitis
after a knee spacer implantation. Both cases were also positive on
68Ga-pentixafor PET/CT. However, 68Ga-pentixafor PET/CT

FIGURE 2. Plasmocytoma in 62-y-old man with elevated CRP and

suspected spondylodiskitis. (A and B) 68Ga-pentixafor (A) and 18F-

FDG (B) PET/CT (sagittal view) shows increased tracer uptake in multi-

ple vertebrae, with maximum in thoracic vertebrae 10 and 11. (C) MRI

shows plasmocytoma in thoracic vertebrae 10 and 11.

TABLE 1
Data for Patients with True-Positive Results on 68Ga-Pentixafor PET/CT

Patient no. Sex Age (y) Diagnosis Proof SUVmax TBR CRP CRP FU

1 M 21 Osteitis, femur B 4.5 10.5 167 Neg

2 M 65 Osteomyelitis, tibia P 2.2 5.5 Neg Neg

3 M 77 Infected knee resurfacing B 3.9 4.3 Neg Neg

4 M 52 Osteomyelitis around knee spacer B 3.5 7 25.4 13.9

5 M 62 Necrotic plasmacytoma MRI, FU 3.6 7.2 10.7 12.1

6 F 43 Infected prosthesis, metatarsophalangeal FU 2.2 5.5 15 Neg

7 F 62 Osteomyelitis, maxillary P 3.7 7.4 Neg Neg

8 F 51 Septic loosening, knee endoprosthesis FU 2.9 7.3 13.3 Neg

9 F 73 Osteomyelitis, mandibular P 3.4 7.8 47.9 neg

FU 5 follow-up; B 5 bacteriology; neg 5 negative; P 5 pathology.

FIGURE 3. Distinct osteomyelitis in 52-y-old patient with elevated

CRP 5 mo after removal of total-knee arthroplasty and implantation of

spacer. (A and B) Coronal (A) and sagittal (B) 68Ga-pentixafor PET/CT

images show increased tracer uptake in tibia and femur, respectively,

including bone marrow compartment. (C) Sagittal 99mTc-besilesomab scin-

tigraphy image 4 h after injection shows osteitis without increased uptake in

bone marrow.
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revealed distinct osteomyelitis in the patients with the knee spacer
implantation, as proven by bacteriology, whereas 99mTc-besilesomab
showed only osteitis (Fig. 3).
In the remaining 5 of 7 cases, WBC scintigraphy (using 111In-

oxine–labeled leukocytes) was negative. Two of these cases were
false-negative as confirmed by pathology. The remaining 2 cases
were true-negative as confirmed by follow-up.

Other Non–Nuclear Medicine Imaging Methods

MRI was performed on 2 patients. In one case it showed a
necrotic plasmocytoma, which was false-positive on 68Ga-pentixafor
PET/CT and on 18F-FDG PET/CT, as described above (Fig. 2).
The second case was negative on MRI, which was limited by

multiple artifacts due to an external fixator. This case was true-
positive on 68Ga-pentixafor PET/CT, showing osteitis of the femur.

DISCUSSION

The data presented here show the usefulness of 68Ga-pentixafor
PET/CT in imaging chronic skeletal infections.
Ligand–CXCR4 interactions activate the mitogen-activated

protein kinase and phosphoinositid-3 kinase signaling pathway,
altering cell adhesion, migration, and homing of T and B lym-
phocytes, macrophages, neutrophils, and eosinophils. CXCR4 is
essential for leukocyte trafficking to the site of infection (13–
16). The only known CXCR4 ligand, CXCL12, plays a crucial
role in inflammatory diseases such as rheumatoid arthritis.
CXCR4 is expressed by 78%–88% of T lymphocytes in the
peripheral blood and by more than 90% of postmigrational T
cells (17–19). RNA expression levels also identified lympho-
cytes as the major CXCR4-expressing mature cell fraction in
tissues of the immune system (20). Up- and downregulation of
CXCR4 expression is differential on neutrophils, monocytes,
and lymphocytes modulated by tumor necrosis factor–a and
interferon–g (19,21). Because chronic osteomyelitis can, in cer-
tain situations, include mainly lymphocytes at the site of infec-
tion, a specific tracer should be able to detect lymphocytes, and
therefore CXCR4 is a promising target for imaging chronic in-
fection of the bone (2).
Imaging of skeletal infection can be challenging. Radiologic

imaging, mainly radiography or CT, are the first-line imaging
methods in suspected skeletal infections. However, several pit-
falls have to be considered. Radiography, MRI, and CT imag-
ing are aggravated by metal implants because of the resulting
artifacts, and early stages of chronic infection might be missed
because sequestering or fistulas might not have been formed
yet.
Several nuclear medicine imaging methods have become

established for imaging suspected infection of the bone, including
conventional bone scintigraphy, WBC imaging, and 18F-FDG
PET/CT.
Conventional bone scintigraphy is highly sensitive but has a

limited specificity, as a variety of conditions besides osteomyelitis
show an altered bone metabolism and positive results on bone
scintigraphy (22). In our study, bone scintigraphy, if available, had
positive results in all patients. However, bone scintigraphy was
false-positive in 36% of cases. WBC imaging (labeled leukocytes
and antigranulocyte antibodies) shows unfavorable low sensitivity
and specificity in the axial skeleton (23). Even in the diagnosis

TABLE 2
Data for Patients with True-Negative Results on 68Ga-Pentixafor PET/CT

Patient no. Sex Age (y) Proof SUVmax TBR CRP FU

1 F 61 Spondylodesis with broken screw FU Neg Neg

2 M 19 Postinterventional, mandible FU 11.4 Neg

3 F 75 Aseptic loosening, knee endoprosthesis FU Neg Neg

4 M 78 Spondylodesis with broken screw FU Neg Neg

5 F 48 Postinterventional, mandible FU Neg Neg

FU 5 follow-up; neg 5 negative.

TABLE 3
Comparison of Imaging Methods

Pentixafor

Result True/false? CT BS FDG Ind Besi MRI Proof

Positive

Patient 1 TP TP — TP — — FN B

Patient 2 TP FN TP TP FN — — P

Patient 3 TP FN TP — TP — — B

Patient 4 TP FN TP — — TP — B

Patient 5 FP FP — FP — — TP FU

Patient 6 TP TP TP — FN — — FU

Patient 7 TP FN TP — FN — — P

Patient 8 TP FN TP — — — — FU

Patient 9 TP TP TP — — — — P

Negative

Patient 1 TN TN FP TN — — — FU

Patient 2 TN TN FP — — — — FU

Patient 3 TN TN FP — TN — — FU

Patient 4 TN TN — — — — — FU

Patient 5 TN TN FP — TN — — FU

Pentixafor 5 68Ga-pentixafor PET/CT; BS 5 3-phase bone scintigra-

phy; FDG 5 18F-FDG PET/CT; Ind 5 111In-oxine–labeled leukocyte

scintigraphy; Besi 5 99mTc-besilesomab; TP 5 true-positive; FN 5

false-negative; FP 5 false-positive; TN 5 true-negative; B 5 bacte-

riology; P 5 pathology; FU 5 follow-up.

68GA-PENTIXAFOR PET/CT IN BONE INFECTION • Bouter et al. 323



of infection in the peripheral skeleton, sensitivity and specificity
are suboptimal. In a multinational, phase III clinical study in
22 European centers comparing antigranulocyte imaging with
99mTc-besilesomab and 99mTc-labeled WBCs in patients with pe-
ripheral osteomyelitis, the sensitivity of labeled WBC imaging
was only 59%, and that of 99mTc-besilesomab was 75%. The
specificity of labeled WBC imaging was 80% and that of 99mTc-
besilesomab was 72% (24). Furthermore, Ivancevic et al. (24)
displayed problems with an antigranulocyte antibody Fab9 frag-
ment in low-grade chronic bone infections. Because neutrophil
components of infection are not always present in chronic osteo-
myelitis, the use of labeled WBC imaging may be of limited value
in some patients (25).
The use of hybrid imaging techniques combining metabolic

information with anatomic details can improve both sensitivity
and specificity, with a diagnostic gain of up to 48% compared with
SPECT (26–28).
In a metaanalysis including a total of 163 cases, 18F-FDG PET/CT

was the most sensitive technique in imaging chronic osteomyelitis in
the central and peripheral skeleton, with a sensitivity of 96% and a
specificity of 91% (29). These results were confirmed by Jamar et al.
(30), with a diagnostic accuracy of 95% in available data (a total of 287
cases). Despite these advantages, 18F-FDG PET/CT shows limitations
in early posttraumatic situations and in infected endoprostheses. Within
the first 3 mo after surgery, the formation of granulomatous
tissue complicates the diagnostics of osteomyelitis with possible
false-positive results (31). In the literature, those patients who
might cause a possible bias in the available data are rarely in-
cluded. For example, Guhlmann et al. (32) evaluated 18F-FDG
PET/CT and antigranulocyte antibody scintigraphy in a prospec-
tive setting in 51 patients with suspected osteomyelitis. The
study design excluded all patients who underwent bone surgery
within the last 2 y. However, the study showed an excellent di-
agnostic accuracy for 18F-FDG PET/CT in both the peripheral
(95%) and the axial (93%) skeleton. Including patients within the
first 3 mo of surgery might significantly lower those numbers.
Endoprostheses also induce the formation of reactive granulation
tissue, reducing the specificity of 18F-FDG PET/CT (33,34). In a review
of van der Bruggen et al. (35), sensitivity and specificity widely varied
in patients with orthopedic implant infections (sensitivity, 28%–91%;
specificity, 9%–97%).
Therefore, several clinical situations might profit from an

additional PET/CT tracer primarily imaging lymphocytes: early
posttraumatic osteomyelitis, infected endoprostheses, and osteo-
myelitis of the axial skeleton. These situations are challenging and
require the utmost in diagnostic accuracy. In our study, patients
with exactly these clinical questions, who are difficult to diagnose
and normally not included in pilot studies, had true-positive results
with 68Ga-pentixafor PET/CT. Results were true-positive for 4
patients with infected endoprostheses, 2 patients with posttrau-
matic chronic peripheral osteomyelitis, and 2 patients with chronic
osteomyelitis of the jaws. In this retrospective evaluation, only one
patient with suspected osteomyelitis presented to our facility for
68Ga-pentixafor PET/CT in the early postinterventional phase at 2
mo after surgery. This patient had true-positive results. However,
the results of one patient are not enough to speculate on whether
68Ga-pentixafor PET/CT might resolve this issue.
Interestingly, 68Ga-pentixafor uptake was independent of CRP

levels in our study, as CRP-negative cases also showed sufficient
uptake. This finding might indicate an added value for pentixafor,
as CRP results can be heterogeneous in chronic osteomyelitis and

infection of endoprostheses. Michail et al. described a sensitivity
of 85% for CRP in osteomyelitis (36).

68Ga-pentixafor PET/CT showed high TBR comparable to that
of 18F-FDG. A high TBR is essential for diagnostics in nuclear
medicine, helping distinguishing disease states from physiologic
tracer uptake. Previous studies of various malignancies also
showed high TBRs, and the first approaches toward CXCR4-
directed endoradiotherapy were recently demonstrated (37).
One patient with suspected spondylodiskitis was false-positive

for skeletal infection in our study. According to the initial
clinical investigators in our facility, spondylodiskitis was sug-
gested and CT also showed infection of 2 consecutive vertebrae
in this patient. However, retrospectively, 68Ga-pentixafor uptake
was increased in multiple vertebrae, pointing to a hematopoietic
disease. MRI showed a plasmocytoma in multiple vertebrae. The
findings were ruled false-positive because increased uptake was
not confirmed to represent an infection. In the pathophysiology
of plasmocytomas, CXCR4 plays an essential role in recruiting
malignant cells to the bone marrow, showing a strong correlation
between CXCR4/CXCL12 activation and bone infiltration
(38,39). Earlier studies also demonstrated the suitability of
68Ga-pentixafor in PET/CT imaging in plasmocytoma patients,
emphasizing CXCR4 as a potential target in plasmocytoma ther-
apy (5,37,40).
In all patients who showed negative results on 68Ga-pentixafor

PET/CT, the results were true-negative, implying that a good
negative predictive value can be assumed for the method.
Within the group of patients with true-negative findings, even
cases that are difficult to image—such as postinterventional
patients or patients with endoprostheses—were diagnosed cor-
rectly, indicating that the method might be valuable in exclu-
sion diagnostics.

18F-FDG PET/CT results were comparable to 68Ga-pentixafor
PET/CT results in our study. The distribution pattern and TBR of
18F-FDG and pentixafor were comparable within the lesions.
However, in one osteomyelitis case with a Pilon fracture of the
tibia, additional uptake of 18F-FDG was present around the bone
canals of an external fixator whereas no CXCR4 expression was
detected in those areas. The case with suspected spondylodiskitis
was false-positive on 18F-FDG PET/CT and 68Ga-pentixafor PET/
CT because both CXCR4 and GLUT1 are known to be overex-
pressed in plasmocytomas. In this case, MRI was decisive.
Furthermore, our study displayed known issues with the di-

agnostic accuracy of 111In-oxine-leukocyte scintigraphy in chronic
osteomyelitis of the axial skeleton (41–43). A metaanalysis of
Termaat et al. (29) showed that leukocyte scintigraphy of the axial
skeleton was the least sensitive of the evaluated imaging methods.
Several mechanisms are supposed to cause a loss of sensitivity. One
is the low TBR between early neutrophil infection and bone marrow
activity, and another is the presence of unspecific cold lesions, which
are assumed to be caused by blood vessel compression or micro-
thrombotic occlusion (29). In our study, the case of osteomyelitis of
the mandible was not detected by 111In-oxine leukocyte scintigraphy,
but 68Ga-pentixafor PET/CT was true-positive (Fig. 4). Earlier stud-
ies focusing on bone scintigraphy and WBC scintigraphy in acute
and chronic osteomyelitis of the jaw showed the high sensitivity of
the combination of the 2 methods in acute osteomyelitis, decreasing
in chronic infections (44,45).

99mTc-besilesomab detected osteitis after a knee spacer implanta-
tion but to a smaller extent than shown by 68Ga-pentixafor PET/CT,
which distinctly revealed osteomyelitis. It is suggested that the small
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68Ga-pentixafor molecule accumulates more effectively at the site of
infection than does a complete IgG antibody, with its slow kinetics.
This study proved the principle of using 68Ga-pentixafor PET/CT

in chronic skeletal infections. 68Ga-pentixafor PET/CT seems to de-
tect CXCR4-expressing lymphocytes at the site of infection. The
hypothetical advantages of 68Ga-pentixafor might lie in imaging of
chronic infections in endoprostheses (no uptake in foreign-body gran-
ulomas), of osteomyelitis of the axial skeleton (which is often a pure
lymphocytic infection), and of early stages of posttraumatic infection
(lymphocytes are not predominant elements of bone healing).
The limitations of our study were the relatively small sample size

and the retrospective setting. Further clinical and preclinical studies
on 68Ga-pentixafor PET/CT in skeletal infections are needed.

CONCLUSION

68Ga-pentixafor PET/CT is a suitable method for imaging chronic
infection of the skeleton. It might provide a diagnostic gain com-
pared with other established methods for axial bone infections, early
postoperative osteomyelitis, and periprosthetic infections, because
lymphocytic infiltration can be imaged specifically.
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