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ABSTRACT

Background:

Preliminary studies of Tuberculosis (TB) in macaques and humans using ¥F-FDG Positron Emission
Tomography (PET) imaging as a research tool suggest its usefulness in localising disease sites and as
a clinical biomarker. Sequential serial scans in patients with extrapulmonary TB (EPTB) could provide

information on the usefulness of PET-CT for monitoring response to therapy and defining cure.

Patients and Methods:

HIV-negative adults with EPTB from 8 sites across 6 countries had three ®F-FDG PET/CT scans: (i)
within 2 weeks of enrolment, (ii) at 2 months into TB treatment and (iii) at end of ATT treatment.
Scanning was performed according to the EANM guidelines. *®F-FDG PET/CT scans were performed

6010 min after intravenous injection of 2.5-5.0 MBq/kg of ®F-FDG.

Findings:

147 patients with EPTB underwent three sequential scans. A progressive reduction over time of
both the number of active sites and the uptake level (SUVmax) at these sites was seen. At the end of
WHO recommended treatment: 53/147 (36.0%) patients had negative PET/CT scans, and 94/147
(63.9%) patients remained PET/CT positive, of which twelve patients had developed MDR TB. One

died of brain tuberculoma.

Interpretation:

Current ®F-FDG PET/CT imaging technology cannot be used clinically as a biomarker of treatment
response, cure or for decision-making on when to stop EPTB treatment. PET/CT remains a research
tool for TB and further development of PET/CT is required using new Mycobacterium tuberculosis-

specific tracers targeting high-density surface epitopes, gene targets, or metabolic pathways.

Role of Funding Source and Oversight: The International Atomic Energy Agency (IAEA) assisted in
selection of recruitment centres with optimal ®F-FDG PET/CT imaging facilities and provided support

for F-FDG PET/CT scans, consortium meetings and centralised facilities for data storage.



INTRODUCTION

Tuberculosis (TB) remains the leading cause of death globally [1]. Upto 45% of the global burden of
TB have extrapulmonary TB (EPTB) EPTB where patients receive TB therapy empirically based on
clinical suspicion and utilising the current WHO management guidelines [7]. Furthermore,
monitoring of treatment response in EPTB is based on either non-specific biochemical markers or
clinical judgement. The decision to stop ATT after completion of the treatment course is usually
based on recommendations from WHO guidelines and clinical judgement and is therefore subjective.
This highlights a need for more accurate tools to define site(s) and extent of disease, evaluate
response to therapy and detect relapse. Positron emission tomography (PET) using 2-deoxy-2-
[fluorine-18] fluoro-D-glucose (*®F-FDG) provides functional information on sites of active
inflammation and, in combination with CT data, delivers functional and anatomical information in a
single scan [8, 9]. Preliminary studies on TB in macaques [10-13] and humans [14-19] employing &F-
FDG PET/CT as a research tool have suggested that it might be of clinical value for localisation of
disease sites and assessment of treatment response. Currently there are several ongoing research
studies on the application of PET/CT as a biomarker of treatment response in new drug combination
trials and for insight into pathogenesis. Studies of EPTB patients under programmatic conditions with
sequential serial scans may provide further information on the usefulness of PET-CT in monitoring
response to therapy and defining cure. We recently published a study of the use of ¥F-FDG PET/CT
imaging to assess the extent of disease and common sites involved at first presentation in 358
patients with EPTB [20] . Here we present imaging findings from 147 ¥F-FDG PET/CT patients with
EPTB for whom three sequential F-FDG PET/CT scans were obtained during the entire course of

WHO-recommended EPTB treatment.

METHODS:

Patients with EPTB and PET/CT scans

147 HIV-negative patients with EPTB from eight centres, located in six countries, who completed
three sequential 8F-FDG PET/CT scans during the entire course of WHO-recommended EPTB
treatment were studied. Patients were adults >18 years who fulfilled WHO criteria for EPTB, with
either: positive culture for drug sensitive M. tuberculosis in any clinical specimen, positive nucleic
acid amplification (GeneXpert MTB Rif/Assay; Cepheid, Sunnyvale, CA, USA), or presence of

caseating granulomas with detection of acid-fast bacilli in a clinical biopsy or aspirate specimen.

Anti-TB Treatment (ATT)
Patients received WHO-recommended ATT EPTB regimens [21]: 6 months usually, and in patients

with bone and CNS involvement treatment was continued for 9-12 months.



Frequency and Timing of F-FDG PET/CT Scans:
Patients underwent three ®F-FDG PET/CT scans (non-contrast CT): (i) within 2 weeks of enrolment,

(i) at 2 months into ATT treatment and (iii) at the end of ATT treatment (Table 1).

18F-fluorodeoxyglucose (FDG) Positron Emission Tomography/Computerised Tomography
(PET/CT):

Scanning was performed according to the EANM guidelines.[9] F-FDG PET/CT scans were
performed 60+10 min after intravenous injection of 2.5-5.0 MBq/kg of ¥F-FDG. All *¥F-FDG PET/CT
scans were performed on the same scanner as was used for the baseline study. ®F-FDG is known to
accumulate at sites of infection and inflammation. The inflammatory cells produce an excess of
glycolytic enzymes and also over-express glucose transporter (GLUT) isotypes (mainly GLUT-1 and
GLUT-3). The F-FDG PET component of the PET/CT provides the metabolic measure of activity as
SUVmax Values.[22] The CT component of PET/CT provides the measure of radio-opacity, or density,
of anatomical structures, expressed in Hounsfield units (HU). CT measurements of size (mm) are less
prone to variability than ¥F-FDG PET measurements of metabolic activity expressed as SUVmax

values.

Patient Follow-up:

Patients were followed up monthly for the first 2 months, and every 2 months thereafter until end of
treatment completion. Drug resistance TB was confirmed using molecular Xpert MTB/RIF assay or
culture based. Community acquired bacterial pneumonia was confirmed based on the
demonstration of a new airspace infiltrate on a chest radiograph or CT in the presence of recently

acquired respiratory signs and symptoms (cough and fever lasting 2—3 days).

Data Collection and Analyses:

Standardised clinical forms were used for entering patient biodata, demographic, clinical and
laboratory data, including age, gender, HIV status, clinical signs and symptoms, physical findings,
suspected clinical site of EPTB and ¥F-FDG PET/CT findings. Central review of images and collection
of data forms was established according to IAEA regulations. Clinical, radiological (dicom format) and
microbiologic information were coded and sent to a central repository at the IAEA in Vienna and the
core study centre in London for analysis. All data were transferred to the central coordinating site at

University College Hospital, United Kingdom for analyses.

Statistical Analysis:
Descriptive statistics were used to summarise patients’ characteristics; for continuous variables,

median and interquartile ranges were given. For categorical variables, proportions falling into
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different categories were calculated. Multilevel mixed-effects linear regression models, to account
for the multi-centre nature of the study and for serial PET scans on the same patients, were explored
to investigate the change in ¥F-FDG PET/CT findings over time. For this purpose, the sum of the
SUVmax values across all positive sites was calculated for each patient at each visit, by adding
together SUVmax values at all body sites where the SUVmax values were at least 2.5 or more. The
percentage decrease or increase in SUVmax Was calculated at median time intervals of the second and
third visits (Appendix- supplemental Figure 1).

Statistical analysis was performed using Stata version 15 (SE 15 data version, StataCorp, 2017. Stata

Statistical Software: Release 15. College Station, TX: StataCorp LLC).

Interpretation of ®F-FDG PET/CT Scans:

Scans were reported as positive or negative. A positive scan was defined as abnormally increased
18E_FDG uptake in a lesion (with CT correlate) which is greater than surrounding background and not
explained by normal physiological organ uptake. The increase in metabolic activity was quantified by
measuring the standardised uptake values (SUVmax). Maximum standardised uptake values (SUVmax)
are a relative measure of FDG metabolism. Increase in metabolic activity was quantified by

measuring the standardised uptake values (SUVmax).

RESULTS:

Study Population:

147 patients with EPTB (77 females, age range: 18-82 years, median 28 years, IQR [21, 38 years]; and
70 males, age range 18-77 years, median 31.5 years, IQR [24, 50]) completed three sequential
PET/CT scans. Of the 147 patients, 76 gave a history of weight loss at baseline presentation (51.7%),
26 patients at second visit (17.7%) and 22 patients at third visit (15.0%). Night sweats were
documented in 48 patients at presentation (32.6%), 16 patients at second visit (10.9%) and 11
patients at third visit (7.5%). Of the 147 patients, 75 gave a history of fever at baseline presentation
(51%), 31 patients at second visit (21.1%) and 17 patients at third visit (11.6%).

Time to scan and number of active sites

Table 2 shows time to scan and number of active sites in 147 patients with EPTB who underwent all
three 18F-FDG PET/CT scans. In most patients both the number of active sites and the uptake level
(SUVmax) at these sites showed a progressive reduction over time during treatment duration (Figures

1,2,3)



Baseline scan and anatomical location of active sites
Table 3 shows the anatomical location of ®F-FDG PET/CT positive EPTB sites of 147 patients and

SUVmax Values in the positive anatomical sites.

Sequential ®F-FDG PET/CT Scans over Time

Tables 4 and 5, show the number of active disease sites in all 147 patients with EPTB over the
treatment period. 53 of 147 patients (36.0%; 29 females, 24 males) became PET negative at the end
of treatment (examples of scans are given in Figures 1, 2, 3). However, 94/147 patients (63.9%)
showed a positive third scan (Figure 4). Of these, one patient developed a brain tuberculoma and
died (Figure 5), and 12 patients were found to have MDR TB (example Figure 6) and were placed on

appropriate MDR TB treatment

Change in the Sum of PET/CT SUV.x Values over Time

The average sum of SUVmax at all abnormal sites on baseline ¥F-FDG PET/CT was 19.4 (95% Cl 16.2—
22.6) with a random variance of 14.1 between centres. Progressive reduction in activity was seen in
most patients after 2 months of treatment. The reduction in the sum of SUVn. averaged to
1.4/month (slope = -1.4, 95% CI -1.8/month — -1.1/month) with variance of the random slope at the
centre level of 0.11 (95% Cl 0.02-0.63; LR test for random slope: x?=4.42, p=0.036). There was no
significant difference in the slope by patients within centres (the random effect of the slope on
patient level was not significant; LR test for random slope: x>=0, p=1). The predicted sum of SUVmax
at the median time of the second ®F-FDG PET/CT scan (2.5 months) was 15.8 (equivalent to a fall of
18.6% in the sum of SUVma). At the median time of the third scan (7.4 months), the predicted sum of
SUVmax Was 8.8 (equivalent to a fall of 54.6% in the sum of SUVmax).

In two patients there was a five-unit rise in SUVmax values at the second visit, attributed to
superadded community-acquired pneumonia (Figure 7); in both patients the SUVmix values had
declined at the third visit. In 12 patients, SUVmax values showed a reduction at the second visit but

increased significantly at the third scan; these patients were found to have MDR TB.

Management outcomes at 6 months post-treatment follow-up
At 6 months post-treatment follow-up, four patients had died, 123 were alive and well, and 14 had

been lost to follow-up.

DISCUSSION

There are several notable findings from our study. First, two-thirds of EPTB cases continued to show
active disease sites after the end of WHO-recommended treatment for EPTB, indicating that it

cannot be used as a biomarker of treatment response. Second, this raises questions regarding the
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duration of therapy and the definitions of ‘cure’, ‘persistence of disease’, and ‘relapse’. Third,
increased or persistent F-FDG PET activity occurred in patients who developed secondary infection.
Fourth, persistent F-FDG PET activity led to further investigation resulting in a diagnosis of
development of MDR TB in 12 patients who required change to appropriate treatment. Fifth, F-FDG
PET/CT scan cannot distinguish non-specific inflammation from that specific to replicating

mycobacteria or residual inflammatory activity after treatment.

Our study shows that whilst there was a progressive overall fall in metabolic activity (*¥F-FDG
activity) in response to treatment, the decreasing trend was not present in all EPTB patients.
Increased or persistent activity at follow-up indicated superadded infection or development of MDR
TB. ®F-FDG PET/CT remained positive in 63.9% of patients after completion of WHO-recommended
ATT regimens, suggesting that the chronic inflammatory response in EPTB may continue for some
time. There are currently no established criteria for defining the end of treatment apart from clinical
symptoms and biochemical biomarkers, which were not raised in more than 50% of our patients. It
may be that individual tissue and organ types respond to treatment at different rates due to variable
immune responses. In animal studies, lymph nodes have been found to have different PET activity
trajectories even within the same animal [23]. Studies of spinal TB have shown that 50% of patients
have magnetic resonance imaging evidence of activity even after 12 months of treatment [18,24]. In
bone and joint TB, radiological markers have been used to assess cure. However, plain X-rays may
never return to baseline. Studies on TB lymphadenitis have shown that continued presence of nodes
at end of treatment does not always signify an unfavourable outcome and our own data show
residual node activity may be present after treatment. Thus ¥F-FDG PET/CT cannot be used to

decide when to stop EPTB treatment.

The exclusion of HIV-positive patients was designed to preclude any influence of confounding co-
morbidities and co-infections. It should be noted, however, that detection of extrapulmonary lesions
may be particularly useful in such patients since they could be due to a variety of infectious or non-
infectious complications of HIV/AIDS. The role of ¥F-FDG PET/CT in HIV-infected patients was
recently addressed in a small study of 18 HIV/TB patients [15]. After 2 months of treatment, 78% of
patients had a significant metabolic response. Lymph node metabolic response was heterogeneous,
with 57% of LN sites showing decreased SUVmax and 41%, unchanged *¥F-FDG uptake. ®F-FDG PET/CT
showed a complete metabolic response after TB treatment in only 47% of patients.

In mouse, rabbit and primate models, ¥F-FDG PET/CT has been used to display progression of
disease after exposure to M. tuberculosis and the response to treatment [1-4]. Previous human
studies using ®F-FDG PET/CT scanning to monitor ATT response have shown that there is decreased

metabolic activity after 1 month treatment of pulmonary (n=10) and extra-pulmonary (n=10) TB [5],
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a steady decline in uptake after 6, 12 and 18 months of treatment of skeletal TB (n=18) [6] and no
significant uptake in PTB (n=8) after a year of treatment [7]. PET and CT have shown complementary
results in the detection and response monitoring of pulmonary and extra-pulmonary TB [8]. It has
also been shown that there can be enhanced cellular activity without a change in nodal size as

measured on CT.

In animal TB model studies an increase in ®F-FDG activity, reflected by SUVma values, was
proportional to the number of M. tuberculosis bacilli in caseating granulomas [25]. Recent work in
non-human primates suggests that the TB disease state may be more dynamic than previously
believed and that M. tuberculosis infection may induce a diverse spectrum of disease, where after
treatment the immune response keeps infection of slow-replicating mycobacteria at the subclinical
level. M. tuberculosis mRNA was detected in non-resolving and intensifying lesions on PET/CT
images, suggesting that even apparently curative treatment for PTB may not eradicate all M.
tuberculosis bacteria [26]. Continuing activity may also represent continuing immune responses
against slow-responder mycobacterial populations, which differ in their intrinsic drug susceptibility
[27]. Thus long-term follow-up is required to monitor for relapse. An ongoing large prospective,
multi-centre randomised, phase 2b, non-inferiority clinical trial (Predict TB Trial) of pulmonary TB
participants is designed to shed more light on the usefulness of PET/CT as a biomarker for early
prediction of treatment response [28]. PET/CT scans are being done at weeks 0, 4 and 16 or 24 and
the authors hypothesise that PET/CT characteristics at baseline, PET/CT changes at 1 month and
markers of residual bacterial load will identify individual patients with TB who can be cured with 4
months (16 weeks) of standard treatment and that PET/CT provides an opportunity to study other

immunological or transcriptional signatures.

The current challenge for TB-specific PET/CT is the development of new M. tuberculosis-specific
tracers targeting high-density surface epitopes, gene targets or metabolic pathways. A recent study
developed a multi-drug treatment model in rabbits with experimentally induced TB meningitis and
performed serial non-invasive dynamic !C-rifampin PET over 6 weeks, demonstrating that rifampicin
penetration into infected brain lesions is limited and spatially heterogeneous and decreases rapidly
as early as 2 weeks into treatment [29]. These data demonstrate the proof of concept of PET as a
clinically translatable tool for non-invasive measurement of intralesional antimicrobial distribution in
infected tissues that might be useful in establishing individualised treatment regimens.

Our study is subject to several limitations. ¥F-FDG PET/CT scans are designed to detect glucose
metabolism and are therefore not specific for detection of TB lesions and cannot differentiate
between infection and tumours [30]. Relatively high tracer uptake in normal brain grey matter

hinders detection of brain tuberculomas and meningeal involvement. Moreover, small lesions (<1
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cm) are very likely to be missed owing to partial volume effects. ¥F-FDG PET/CT also has low
sensitivity for the detection of small EPTB lesions in the kidney and urinary bladder, which are
masked by high tracer uptake due to the contribution of these organs to physiological F-FDG tracer

excretion.

CONCLUSIONS:

Whilst earlier studies showed ®F-FDG PET/CT showed promise as a non-invasive imaging technique
for detection of the extent of EPTB disease, and as a biomarker of treatment response and cure,

18E_-FDG PET/CT in its current form will remain mainly a research tool. The presence of active lesions
after completion of WHO-recommended EPTB treatment regimens in a large number of cases
requires further study. The potential of ®F-FDG PET/CT in further elucidating the spectrum of
disease, the pathogenesis of EPTB and the effects of treatment on active lesions over time, including
in HIV-infected, paediatric and MDR TB patients, requires longitudinal cohort studies of those with
microbiologically confirmed and clinically suspected cases, twinned with biopsy and molecular
studies over longer periods. Although use of F-FDG PET/CT for the clinical management of EPTB has
conceptual appeal for identification of site of lesion for biopsy purposes, further development of the
technique is required before a specific role can be determined for its use as a biomarker of disease

activity, defining cure or relapse.
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LEGENDS TO FIGURES

Figure 1: Serial ®F-FDG PET/CT scans showing progressive decrease in activity with resolution at
end of treatment. Whole-body projections are shown. Panel A: Pre-treatment scan. The yellow
arrows indicate, from top to bottom, F-FDG uptake in the left cervical nodes, bilateral hilar nodes
and subcarinal nodes. Red arrows indicate left adrenal involvement and an enlarged portal node
with corresponding transaxial sections. Panel B: Repeat scan after 2 months of therapy with ATT,
showing only physiological cardiac activity (a variant) and no residual disease. Panel C: Repeat scan

at the end of treatment showing no residual FDG-avid disease.

Figure 2: Serial 18F-FDG PET/CT scans showing complete resolution of FDG activity at end of 24

months treatment. Whole-body projections of 18F-FDG PET/CT scans are shown with corresponding
transaxial fused slices (PET and CT) at areas of interest. A Baseline FDG PET revealing intense FDG
avidity in the L1-L2 vertebrae (blue arrow), with bilateral psoas abscess (red arrows) and few
mediastinal and cervical lymph nodes (small black arrows). B FDG PET 3 months after starting anti-
tubercular treatment showspartial resolution of the above lesions, with avidity at L1-L2 vertebrae
and paravertebral soft tissue. Eight months after starting anti-tubercular medication, there was
stable disease and the patient remained symptomatic. C After 2 years (dose of INH was increased) of

ATT, complete metabolic response is noted

Figure 3: Serial scans in a patient with EPTB involvement of bone (L1-L2). ¥F-FDG PET/CT scan
shows complete resolution of FDG activity at end of 24 months of treatment but with residual
gibbus deformity. Whole-body projections of F-FDG PET/CT scans are shown with corresponding
sagittal fused slices (PET and CT) at areas of interest. A Baseline FDG PET revealing intense ¥F-FDG
activity in the L1-L2 vertebrae (blue arrow), with multiple cervical, mediastinal and retroperitoneal
lymph nodes (small black arrows). B F-FDG PET 2 months after starting anti-TB treatment shows
partial resolution of the above-mentioned lesions, with residual F-FDG activity at the L1-L2
vertebrae and mediastinal lymph nodes. C Two years after starting anti-tubercular medication there
is complete metabolic resolution of the disease, but with gibbus deformity at L1-L2 (dotted blue

arrow).

Figure 4: Serial 8F-FDG PET/CT scans showing residual activity at end of treatment. Whole-body
projections are shown. Panel A: Pre-treatment scan. The yellow arrows indicate, from top to
bottom, ®F-FDG uptake in the bilateral cervical nodes, axillary nodes, subcarinal nodes and

retroperitoneal nodes. Small white arrows indicate pulmonary TB. Panel B: Repeat scan after 2
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months of therapy with ATT. Panel C: Repeat scan at the end of treatment (26 weeks), showing

residual F-FDG activity in left axillary nodes and retroperitoneal nodes.

Figure 5: Serial scans in a patient with tuberculoma in the right temporoparietal region. ®F-FDG
PET/CT scan shows no significant change in FDG activity at end of treatment (the patient
subsequently died). Views of the brain with ®F-FDG PET scans are shown. A Transaxial slices; (red)
crossed lines indicate site of tuberculoma. B The repeat scan after 8 months of therapy with ATT

shows no significant change in activity.

Figure 6: Serial 18F-FDG PET/CT scans in a patient with mediastinal node EPTB showing no response

to treatment. Patient developed MDR-TB. Panels a, b, c: 18F—FDG PET/CT scans show uptake in

enlarged cervical, supraclavicular and mediastinal nodes (red arrows) with uptake in fibrotic changes

in the left lung (small red arrows). Panels d, e, f: “F_FDG PET/CT scan done 2 months post ATT

therapy shows increase in number and size of lymph nodes and appearance of new lung nodules

bilaterally. Panels g, h, i: 18F—FDG PET/CT scan done at end of treatment at 7 months shows no
significant change in FDG activity in nodes and left lung and new lung nodules (small red arrows).

Patient was reassessed for non-compliance with ATT and found to have MDR-TB.

Figure 7: 'F-FDG PET/CT scan — transient increase in activity due to superadded chest infection.
Serial scans in a patient on treatment with ATT for EPTB. A transient increase in FDG activity is seen
on the 2-month scan due to superadded infection. Whole-body projections (oblique) are shown.
Panel A: Pre-treatment scan. The yellow arrows indicate ¥F-FDG uptake in the left lung pleura and
the red arrow indicates physiological cardiac activity.

Panel B: Repeat scan after 2 months of therapy with ATT, showing increased FDG uptake (compared
with baseline) in the lower part of the pleura (dashed yellow arrow).

Panel C: Repeat scan at the end of treatment, showing residual FDG activity in the left lung pleura

(yellow arrows), with a reduction in the extent of avid disease.
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Figure 1: Serial ®F-FDG PET/CT scans showing progressive decrease in activity with resolution at

end of treatment. Whole-body projections are shown.

Panel A: Pre-treatment scan. The yellow arrows indicate, from top to bottom, ‘F-FDG uptake in
the left cervical nodes, bilateral hilar nodes and subcarinal nodes. Red arrows indicate left adrenal
involvement and an enlarged portal node with corresponding transaxial sections.

Panel B: Repeat scan after 2 months of therapy with ATT, showing only physiological cardiac
activity (a variant) and no residual disease.

Panel C: Repeat scan at the end of treatment showing no residual ®F-FDG-avid disease.

Panel C
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Figure 2: Serial 18F-FDG PET/CT scans showing complete resolution of ®F-FDG activity at end of 24
months treatment.

Whole-body projections of 18F-FDG PET/CT scans are shown with corresponding transaxial fused
slices (PET and CT) at areas of interest. A Baseline ®F-FDG PET revealing intense ®F-FDG avidity in
the L1-L2 vertebrae (blue arrow), with bilateral psoas abscess (red arrows) and few mediastinal
and cervical lymph nodes (small black arrows). B ®F-FDG PET 3 months after starting anti-
tubercular treatment shows partial resolution of the above lesions, with avidity at L1-L2 vertebrae
and paravertebral soft tissue. Eight months after starting anti-tubercular medication, there was
stable disease and the patient remained symptomatic. C After 2 years (dose of INH was increased)
of ATT, complete metabolic response is noted
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Figure 3: Serial scans in a patient with EPTB involvement of bone (L1-L2). ®F-FDG PET/CT scan
shows complete resolution of FDG activity at end of 24 months of treatment but with residual
gibbus deformity.

Whole-body projections of ¥F-FDG PET/CT scans are shown with corresponding sagittal fused slices
(PET and CT) at areas of interest. A Baseline FDG PET revealing intense F-FDG activity in the L1-L2
vertebrae (blue arrow), with multiple cervical, mediastinal and retroperitoneal lymph nodes (small
black arrows). B 8F-FDG PET/CT, 2 months after starting anti-TB treatment shows partial resolution
of the above-mentioned lesions, with residual ®F-FDG activity at the L1-L2 vertebrae and
mediastinal lymph nodes. C Two years after starting anti-tubercular medication there is complete
metabolic resolution of the disease, but with gibbus deformity at L1-L2 (dotted blue arrow).
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Figure 4: Serial ®F-FDG PET/CT scans showing residual activity at end of treatment.

Whole-body projections are shown. Panel A: Pre-treatment scan. The yellow arrows indicate, from
top to bottom, BF-FDG uptake in the bilateral cervical nodes, axillary nodes, subcarinal nodes and
retroperitoneal nodes. Small white arrows indicate pulmonary TB. Panel B: Repeat scan after 2
months of therapy with ATT. Panel C: Repeat scan at the end of treatment (26 weeks), showing
residual FDG activity in left axillary nodes and retroperitoneal nodes.

Figure 3

Panel A Panel B Panel C
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Figure 5: Serial scans in a patient with tuberculoma in the right temporoparietal region.

18E_FDG PET/CT scan shows no significant change in FDG activity at end of treatment (the patient
subsequently died). Views of the brain with ®F-FDG PET/CT scans are shown. A Transaxial slices;
(red) crossed lines indicate site of tuberculoma. B The repeat scan after 8 months of therapy with
ATT shows no significant change in activity.
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Figure 6

MDR-TB 2: Serial ""F-FDG PET/CT scans in a patient with mediastinal node EPTB showing
no response to treatment. Patient developed MDR-TB.

Panels A, B, C: “FFDG PET/CT scans show uptake in enlarged cervical, supraclavicular and
mediastinal nodes (red arrows) with uptake in fibrotic changes in the left lung (small red
arrows).

Panels D, E, F: “FFDG PET/CT scan done 2 months post ATT therapy shows increase in
number and size of lymph nodes and appearance of new lung nodules bilaterally.

Panels G, H, I: 18F—FDG PET/CT scan done at end of treatment at 7 months shows no
significant change in FDG activity in nodes and left lung and new lung nodules (small red
arrows). Patient was reassessed for non-compliance with ATT and found to have MDR-TB.
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Figure 7: 8F-FDG PET/CT scan — transient increase in activity due to superadded chest infection.

Serial scans in a patient on treatment with ATT for EPTB. A transient increase in ®F-FDG activity is
seen on the 2-month scan due to superadded infection. Whole-body projections (oblique) are
shown.

Panel A: Pre-treatment scan. The yellow arrows indicate '®F-FDG uptake in the left lung pleura and
the red arrow indicates physiological cardiac activity.

Panel B: Repeat scan after 2 months of therapy with ATT, showing increased F-FDG uptake
(compared with baseline) in the lower part of the pleura (dashed yellow arrow).

Panel C: Repeat scan at the end of treatment, showing residual FDG activity in the left lung pleura
(yellow arrows), with a reduction in the extent of avid disease.

Panel A Panel B Panel C

21



Table 1: Clinical algorithm for imaging pathway:

o

Patient presenting/referred to Respiratory/TB clinic with chronic cough of more than 2 weeks,
weight loss, night sweats, fever, SOB, headache, altered mental state, pain in bone/joint and a
lump or mass. History of close TB contact, clinicians’ clinical suspicion of EPTB for any other
reason.

Symptomatology assessed by local chest physicians.

Clinical assessment, chest radiography, tuberculin skin test, HIV test, cultures, GeneXpert MTB
Rif/assay and other investigations as clinically indicated to confirm presence of Mycobacterium
tuberculosis (sputum, histopathology, cytology, FNAC and histopathology for skin,
genitourinary and breast tuberculosis, X-ray for bone tuberculosis, synovial biopsy for joint
tuberculosis, cerebrospinal fluid cytology and biochemistry for tuberculous meningitis, with or
without contrast-enhanced computed tomography (CT) findings, spinal features (gibbus) with
or without radiological findings, magnetic resonance imaging (MRI) of brain and MRI of spine.
Pleural and ascitic fluid for tuberculous pleural effusions and abdominal tuberculosis.

Except for suspect meningitis, no treatment initiated before ¥F-FDG PET/CT scan.

Consent obtained, patient informed of repeat scan at 2 months and end of treatment.

Patients with high likelihood of EPTB on clinical grounds and confirmed -ve HIV status, referred
to Nuclear Medicine Imaging Department for ¥F-FDG PET/CT scan

0o ND

Scan 1: First F-FDG PET/CT scan performed as soon as possible after referral
(immediately for TB meningitis suspects or those critically ill)

Scans reported locally and sent to referrer/TB clinic within 24 h

Results of other investigations available

CRF completed after results.

TB treatment initiated (visit 1) or stopped if treatment completed (visit 3)
Follow-up PET Scans:

Scan 2: at 2 months after start of TB treatment

Scan 3: at end of TB treatment
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Table 2:

Time to scan and number of active sites in 147 patients with EPTB who underwent three
18E.FDG PET/CT scans during course of treatment

Baseline
18F.FDG PET/CT scan

2" visit
18F.FDG PET/CT scan

End of treatment
18F.FDG PET/CT scan

Time to scan

1-15 days post

referral

Median time to scan =

2. 4 months

Median time to scan =

7.4 months

18F-FDG PET/CT scan

Total Scans =147

Scan +ve = 120/147

Scan +ve =94/147

Total number of 1 site =44 1 site =53 1 site =46
active sites 2 sites =33 2 sites =24 2 sites =27
3 sites =20 3 sites =19 3 sites =9
4 sites =20 4 sites =8 4 sites =8
>4 sites =24 >4 sites =16 >4 sites =4
18F-FDG activity 2:6-32.0 2:5-25.0 2:5-17
(SUVmax)* 99 62 5-0
Range (SUVmax) 9.9 7-1 62
Median (SUVmax)
Mean (SUVmax)
Sum of SUVmax™** 194 15-8 88
(% fall/decrease) (18-6%) (54-6%)

8F_FDG PET/CT scan:

Scan +ve pattern: Refers to scans which showed at least one lesion with increased 8F-FDG activity or ongoing

activity (SUVmax >2.5)

* SUVmax distribution is given for the maximum of the SUV. values across the sites

** The sum of SUVnax values is predicted from the multilevel mixed effects linear regression model, fitted to all

patients who had at least two PET scans
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Table 3:

Baseline '¥F-FDG PET scan and anatomical location of active sites in 147 patients with EPTB

Anatomical site PET/CT positive SUVmax
Number of % of Range Mean Median
patients patients
Brain 7 4.8 4-15.2 10.6 114
Pleura 16 10.9 3.1-17.7 7.0 6.7
Muscles* 5 34 3.4-11.2 7.0 6.9
Liver 2 14 3.8-13.1 8.4 8.4
Spleen 3 2.0 2.7-5.6 4.1 4
Gastrointestinal tract 5 34 3.4-17.4 11.7 12.6
Urogenital tract 4 2.7 7.1-10.5 8.8 8.9
Bone 51 34.7 2.5-22.5 8.7 8.6
Lymph nodes 99 67.3 2.8-22.3 9.1 7.7
Cervical 57 38.8 2.6-22.3 8.4 7.6
Supraclavicular 32 21.8 3.1-19.3 8.1 5.8
Axillary 26 17.7 2.5-16 7.2 5.6
Mediastinal 68 46.3 2.5-21.2 6.9 6.3
Hilar 27 18.4 2.7-17.8 6.3 54
Retrocrural 5 34 3.1-15.7 6.7 4.3
Retroperitoneal/mesenteric 31 21.1 3-15.5 6.8 5.9
Pelvic 16 10.9 2.5-21.5 6.6 5.2
Inguino-femoral 7 4.8 2.6-7.6 4.9 4.9
Other sites** 6 4.1 2.5-32 10.2 5.3
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Table 4:

Second '®F-FDG PET scan and anatomical location of active sites in 147 patients with EPTB

Anatomical site PET/CT positive SUVnax
No of % of patients | Range Mean Median
patients
Brain 6 4.1 4.2-12 9.9 10.6
Pleura 18 12.2 2.8-12.5 6.4 5.9
Liver 2 1.4 6.7-10.4 8.6 8.6
Spleen 0 0 - - -
Gastrointestinal tract 4 2.7 5.7-10.2 7.8 7.8
Urogenital tract 4 2.7 2.9-5.9 4.9 5.4
Bone 39 26.5 2.6-15.5 6.5 5.6
Lymph nodes 82 55.8 2.5-25 6.5 5.2
Cervical 37 25.2 2.6-14.6 5.4 4.4
Supraclavicular 22 15.0 2.5-13.7 6.1 5.7
Axillary 16 10.9 3.1-13.2 5.5 4
Mediastinal 46 313 2.5-25 6.6 5.2
Hilar 21 14.3 2.5-141 5.6 4.6
Retrocrural 4 2.7 2.9-10.1 4.8 3.2
Retroperitoneal/mesenteric 23 15.6 3-15.5 6.1 5.7
Pelvic 9 6.1 2.8-11.2 4.5 3.4
Inguino-femoral 8 5.4 2.5-7.9 3.7 3.3
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Table 5.

Third ¥F-FDG PET scan and anatomical location of active sites in 147 patients with EPTB at end of

treatment
Anatomical site PET/CT positive SUVmax
No. of % of Range Mean Median
patients patients
Brain 5 34 3.2-15 8.5 9.9
Pleura 10 6.8 3.7-11.4 5.7 5.2
Liver 0 0 - - -
Spleen 0 0 - - -
Gastrointestinal tract 3 2.0 3.1-10 6.8 10.4
Urogenital tract 2 1.4 2.7-4 3.4 3.4
Bone 28 19.0 2.5-95 5.4 4.9
Lymph nodes 67 45.6 2.5-16.5 5.9 4.9
Cervical 29 19.7 2.5-135 4.1 3.4
Supraclavicular 10 6.8 2.8-10.7 6.0 5.4
Axillary 10 6.8 2.7-6.8 4.6 4.4
Mediastinal 37 25.2 2.8-16.5 6.3 4.7
Hilar 16 10.9 3.2-8.6 5.6 5.4
Retrocrural 0 0 - - -
Retroperitoneal/mesenteric 11 7.5 2.5-13.6 5.9 3.9
Pelvic 4 2.7 2.5-4.7 3.5 3.4
Inguino-femoral 2 1.4 3.3-5 4.2 4.2
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SUPPLEMENTAL APPENDIX

Supplemental Figure 1:

Changes in the sum of PET/CT SUV.x values over time obtained from three scans for all 147
patients. The vertical lines, with arrows, point to the overall predicted sum of SUV,.x at the
median times of the second and third visits (2.5 months and 7.4 months, respectively). For the
visual presentation the individual patients’ data are restricted to those where the sum of SUV . is
less than 50; the linear prediction for centres and the overall linear prediction were estimated
with all data included. Progressive reduction in activity was seen in the majority of patients after 2
months of treatment. The reduction in the sum of SUV,.x was on average 1.4/month (slope = -1.4,
95% Cl -1.8/month -1.1/month) with variance of the random slope at the centre level of 0.11 (95%

Cl 0.02-0.63; LR test for random slope: x>=4.42, p=0.036).
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