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5 PROTOCOL SUMMARY 
 
Full Title  
A Prospective, Randomized, Open-Label Phase II Study of the Safety and Tolerability of 
Metformin in Combination with Standard Antimicrobial Treatment for Pulmonary Tuberculosis in 
People Co-infected with HIV 
 
Short Title  
METHOD TRIAL 
 
Study Sample Size  
Total cohort sample size N=112, comprising 56 participants each in two parallel study arms 
(standard therapy or standard therapy plus metformin) with the goal of retaining 100 participants 
with evaluable data for analysis. An additional 30 HIV+ persons without active TB disease will be 
recruited as controls for a single visit to provide baseline values for proteomic, transcriptomic 
and flow cytometry studies. The total cohort including control participants and participants 
enrolled into the longitudinal treatment study comprises 142 individuals. 
 
Study Population  
HIV-positive adults (treated or ART-naïve) newly diagnosed with sputum culture-positive, drug-
sensitive pulmonary tuberculosis (TB). The systems biology “omics” control group will include 
those (treated or ART-naïve) without evidence of active TB. 
 
Participating Sites  
Clinical site 1:  
The Aurum Institute Tembisa Clinical Research Centre (CRC), Gauteng, South Africa  
Satellite Site 1:  
The Aurum Institute Pretoria Clinical Research Centre (CRC), Pretoria, Gauteng, South Africa 
(satellite for intensive PK sampling) 
Clinical site 2:  
Isango Lethemba TB Research Unit, Port Elizabeth, South Africa 
 
Other collaborating sites: 
University of Massachusetts Medical School, Worcester, MA, USA. 
University of Massachusetts Lowell, Lowell, MA USA. 
A*Star, Infectious Diseases (ID) Labs, Singapore. 
University of Cape Town, Cape Town, South Africa. 
 
Study Design  
Phase 2A randomized, open-label trial of metformin added to standard anti-tuberculosis 
treatment (ATT) and anti-retroviral therapy (ART) in TB/HIV co-infected patients. 
 
Study Schema  
See Appendix A, Figure 1, for the interventional study schema.  See Appendix A, Figure 2, 
for the omics control group study schema. 
 
Schedule of Procedures/Evaluations  
See Appendix B, Table 1, for the interventional study schedule of evaluations. See 
Appendix B, Table 2 for the omics control group schedule of evaluations. 
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Study Duration  
The duration of the METHOD trial is 5 years. The duration of individual participation in the 
interventional arms of the study will be 36 weeks, not including an initial period of screening with 
an interval of up to 14 additional days prior to study enrollment. All participants in the interventional 
study will take standard ATT for drug-sensitive pulmonary TB starting at enrollment. Participants 
in the metformin arm will begin taking metformin 1 week later and metformin will be stopped on 
week-12. The final scheduled clinic visit coincides with the completion of ATT at week-24 and the 
final follow-up contact is a phone interview at week-36.  
 
Omics control group participants will have a screening visit and (if eligible) an enrollment visit 
within a period of 2 to 7 days, depending on scheduling.   
 
Study Regimen/Intervention  
Metformin hydrochloride 500 mg tablets added to standard ATT for drug-sensitive TB. Metformin 
is initiated as one 500 mg tablet PO daily, beginning one week after starting ATT. One week later 
(study week-2), the dose is increased to one 500 mg tablet PO twice daily and that dose is 
continued until study week-12. 
 
There is no experimental drug regimen for the standard treatment arm of the interventional study 
or for participants in the omics control group. 
 
Primary Objectives for the Interventional Study 

1. Determine tolerability and safety of metformin added to standard ATT and ART in the 
treatment of TB/HIV co-infection.  

2. Conduct a pharmacokinetic-pharmacodynamic analysis of metformin toxicity, efficacy, 
and immune modulation. 
 

Primary Objective for the Omics Control Group 
To provide background values for proteomic, transcriptomic and flow cytometric analyses in 
otherwise healthy HIV+ adults without active TB disease for comparison to the two treatment 
arms of the METHOD trial.  
 
Primary Endpoint  
The number of grade 3 or higher events during the time on study drug plus 4 weeks post study 
drug completion.  
There is no primary clinical endpoint to follow for the omics control group. 
 
Secondary Objective  
To evaluate the efficacy of metformin as adjunctive therapy when added to standard ATT and 
ART for TB/HIV co-infection. Efficacy will be determined based on the parameters listed as 
secondary endpoints.   
 
Secondary Endpoints  

1. Time from treatment initiation to the first of two consecutive negative once-weekly 
sputum cultures for Mycobacterium tuberculosis (Mtb) without an intervening positive 
culture in liquid media, up to 12 weeks. 

2. Change in radiographic severity score between baseline and study completion. 
3. Change in percent predicted FEV1 (FEV1%) between baseline and study completion. 
4. Change in 6-mintue walk test distance-saturation product between baseline and study 

completion. 
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5. Change in St. George’s Respiratory Questionnaire (SGRQ) score between baseline and 
study completion. 
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6 INTRODUCTION 
 

6.1 Background Information 
 
Tuberculosis (TB) remains a leading cause of death from infection worldwide and the leading of 
death in people co-infected with HIV 1 despite the availability of effective antibiotics since the 
1950s. The requirement of prolonged, multi-drug regimens for cure is a major barrier to TB 
elimination. The current standard ATT regimen for drug-sensitive TB is a 6 month “short” course 
of rifampicin (R), isoniazid (H), pyrazinamide (Z) and ethambutol (E): 2(RHZE)/4(RH). Results of 
treatment shortening trials have been disappointing. A trial reported by Johnson et al. in 2009 2 
enrolled patients with non-cavitary disease on entry and negative cultures after 8 weeks of 
standard treatment, a population thought to be at low risk of recurrence, and randomly assigned 
them to a total of 4 or 6-months ATT. Although rates of recurrence were indeed low in both arms, 
enrollment was terminated early, as the study’s hypothesis – that treatment duration would not 
affect relapse risk – was proven incorrect. More recently, the RIFAQUIN, REMox and OFLUTUB 
trials tested treatment shortening with different fluoroquinolone-containing regimens 3-5. All three 
failed to show noninferiority of 4-month regimens compared to standard 6-month ATT. These 
results indicate that a new paradigm is required to make more than incremental steps towards TB 
treatment shortening.  
 
Pulmonary impairment after TB (PIAT) occurs in ~50% of patients who complete curative 
antimicrobial treatment 6. A study by Willcox et al. in Cape Town found the extent of permanent 
lung impairment directly related to the radiographic extent of disease at diagnosis 7. Patients 
presenting with moderately advanced disease according to National Tuberculosis and 
Respiratory Disease Association (NTRDA) criteria had a 30% risk of moderate lung impairment 
(FEV1 50-65% of predicted). Those presenting with far advanced disease had a similar risk of 
moderate impairment, plus an additional 30% risk of severe impairment (FEV1 <50% of 
predicted). Lung damage of this extent will have profound effects on survival and disability 
adjusted life years. Indeed, one study of 3,933 US TB patients deemed “cured” found 22% had 
died in the following 11 years, shortening their expected longevity by a mean of 3.6 years vs 
controls 8. A similar study of 3,201 Israeli patients found their standardized mortality risk to be 3.7 
times that of the general population 9. The authors found 12% of former TB patients had died in 
the subsequent 11 years; a substantial proportion of these deaths were attributable to the chronic 
effects of lung damage caused by TB. Given the high risk and lifelong morbidity of PIAT, there is 
a clear rationale to investigate the potential for therapies designed to preserve lung structure and 
function during TB treatment.   
 
The need for faster and more effective TB treatment is most acute in South Africa, which is home 
to 0.7% of the world’s population, but has 17% of the global burden of HIV infection and one of 
the world’s most severe TB epidemics 10. The community served by the Aurum Tembisa Clinical 
Research Centre (CRC) has a 30% prevalence of HIV and TB incidence of ~2500/100,000. It is 
therefore not surprising that a national health survey conducted in South Africa in 2004 found 
prior TB to be the strongest risk factor for subsequent chronic bronchitis, surpassing the risks 
posed by cigarette smoking and use of indoor stoves 11. The authors estimated that 25% of the 
South African COPD burden is attributable to TB.  
 
Recent interest has focused on the concept of using small molecule drugs to harness endogenous 
defense mechanisms that could, when combined with ATT, tilt the host-pathogen equilibrium in 
TB lesions towards resolution 12. An ideal candidate for such host-directed therapy (HDT) would 
be an existing, low cost drug approved for another indication and with an excellent safety profile 
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and low induction of cytochrome p450 (CYP) enzymes. Two desirable, non-exclusive effects of 
an HDT candidate would be accelerated sterilization of TB lesions and mitigation of immune 
pathology resulting in less lung cavitation, less hemoptysis, less pulmonary fibrosis and less PIAT. 
Dr. Singhal (MPI) discovered that the antidiabetic drug metformin ameliorates lung pathology, 
reduces inflammation and enhances antigen-specific immunity and the efficacy of ATT in Mtb-
infected C57BL/6 mice 13. A subsequent study by Dutta et al. 14 using Balb/c mice concluded that 
metformin does not improve the sterilizing activity of first-line antimicrobial TB treatment despite 
trends for lower CFU at 2 months (P=0.54) and 3.5 months (P=0.039) of adjunctive treatment. 
The differences in the two studies could reflect differences in mouse strain and methodologies. 
The study by Dutta did not include assessment of immune pathology, whereas the 
immunomodulatory effects of metformin might provide a more significant clinical benefit than 
potentially accelerated sputum conversion.  
 
No preclinical animal model studies of metformin use in TB other than those cited above 13;14 have 
been published as of October 23, 2019. We are aware of unpublished data from the Basaraba 
laboratory at Colorado State University indicating exacerbation of pulmonary immune pathology 
when metformin treatment was started in guinea pigs 4 weeks after low dose aerosol Mtb 
infection. This contrasted with reduced inflammation when metformin was started before infection, 
at the time of infection or at 2 weeks post-infection. In these guinea pig studies, metformin was 
given alone without concurrent antimicrobial treatment, whereas METHOD trial participants will 
be concurrently treated with antimicrobials.    
 
New published and unpublished findings from the Singhal and Kornfeld labs and collaborators in 
the Netherlands and Colorado State University demonstrate that: (i) metformin treatment enriches 
nonclassical tissue repair monocytes in the blood of metformin-exposed healthy human 
volunteers 15 and in the lungs mice (Bohme et al., manuscript in preparation; (ii) metformin rewires 
the metabolic and transcriptional programs of memory-like CD8+CXCR3+ T cells in mice, which 
promotes an enhanced response to BCG vaccination (Bohme et al.); (iii) metformin enriches 
memory-like CD8+CXCR3+ T cells in the blood of metformin-exposed healthy human volunteers 
(Bohme et al.); (i.v.) metformin decreases lung inflammation in Mtb-infected guinea pigs and 
enhances BCG vaccine efficacy (Bohme et al.); and (v.) adoptive transfer of metformin-educated 
CD8+ T cells in mice confers greater protection than sham-treated donor cells in the aerosol TB 
model (Bohme et al.). These result offer insights to potential mechanisms of HDT efficacy for 
metformin since increased nonclassical patrolling monocytes are linked to the phenomenon of 
trained immunity, the resolution of inflammation and tissue repair, and since CD8+ T cells are 
known to control acute and chronic Mtb infection, particularly in humans and non-human primates. 
The latter property is particularly relevant for people with CD4+ T cell deficiency due to HIV. 
 
Retrospective data from patients with diabetes mellitus (DM) and TB presented in Dr. Singhal’s 
report 13 showed that use of metformin vs any other DM treatment was associated with lower risk 
of cavitary disease and death. Ten subsequent retrospective studies in DM cohorts variously 
reported that use of metformin was associated with reduced risk of latent TB infection, progression 
from latent infection to active TB disease, accelerated sputum conversion, reduced risk for 
cavitary TB, reduced mortality during TB treatment, and reduced risk for recurrent TB after 
treatment completion 16-25. Altogether, these studies involved 287,284 individuals treated with 
metformin. Several of them provided evidence that the protective effect of metformin was 
unrelated to glycemic control, and two of the larger studies 18;19 assessed metformin exposure 
and identified a dose-dependent effect.  
 
In addition to this retrospective evidence, there are newer reports of prospective studies that 
further support the potential HDT efficacy of metformin for TB. Matrix metalloproteinases (MMPs) 
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are implicated in lung matrix damage in TB 26. Data from the prospective Effects of Diabetes and 
Tuberculosis Severity study in India show that among patients with TB-DM comorbidity, use of 
metformin is associated with significantly lower levels of several MMPs linked to TB immune 
pathology 27. An unpublished observational cohort study conducted in Pune, India, evaluated 799 
adults with pulmonary TB, including 225 with comorbid DM, of whom 117 (52%) were taking 
metformin before or after TB diagnosis. Use of metformin reduced unfavorable TB treatment 
outcomes by 46% (RR 0.54; 95% CI: 0.29 – 1·01, p=0.05) 28. 
 
While not directly pertinent to TB, a substantial body of published studies describe protective 
effects of metformin against other infectious diseases in humans and animal models. Metformin 
was reported in several studies to improve outcomes in hepatitis C infection and reduce the risk 
of hepatocellular carcinoma 29 and to reduce the risk of bacterial sepsis 30 and Clostridium difficile 
infection (OR 0.58, CI 0.37-0.93; P=0.023) 31. Compared to sulfonylurea exposure, metformin 
reduced the neutrophil-lymphocyte ratio (NLR) independent of glycemic control in a treatment-
naïve diabetes mellitus cohort 32. This may be relevant to the METHOD trial since the NLR is 
elevated in TB with or without DM and correlates with disease severity 33. Metformin exerts 
protective effects in mouse models of Trypanasoma cruzi 34 and Trichinella spiralis 35 infection 
and it improves survival in Drosophila flies with mucormycosis 36. The latter fly data point to host-
protective effects of metformin acting on fundamental defense mechanisms. Metformin also 
protects against LPS-induced myocardial dysfunction in mice 37, which might be relevant to early 
mortality in TB. In various in vitro models, metformin was shown to inhibit hepatitis B virus 
replication in human hepatoma cells 38, to limit Pseudomonas aeruginosa-induced airway 
epithelial barrier damage 39, and to suppress Porphyromonas gingivalis LPS-induced 
inflammatory response of human gingival fibroblasts 40. 
 
Metformin is in an outstanding HDT candidate based on the preclinical mouse and human data, 
its mechanism of action and its history of safety in treating DM. Metformin is eliminated unchanged 
in the urine and, importantly, metformin is not known to inhibit or induce any CYP enzyme 41. 
Treatment with metformin for 3 months would add less than $10 USD to the cost of TB treatment, 
which is a major consideration for Sub-Saharan Africa and other low and middle-income countries 
with high TB burden. Since Dr. Singhal’s 2014 report in Science Translational Medicine there has 
been considerable worldwide interest in metformin as a leading HDT candidate suitable for Phase 
2 clinical trials 13. In 2019, the design for an open-label, randomized parallel arm trial of metformin 
added to standard ATT for pulmonary TB was published in BMJ Open 42. The METRIF trial will 
be conducted in India and differs from the METHOD trial in several respects: the study population 
will be largely if not entirely HIV-negative; lung function will not be assessed; and the metformin 
arm will be treated with metformin IR 500 mg once daily for 1 week, followed by 1000 mg once 
daily for 7 weeks. No other prospective randomized clinical trials similar to the METHOD trial have 
been initiated or published to our knowledge.  
 
There is a wealth of information about the use of metformin for its primary approved indication; it 
is the most widely prescribed drug for the treatment of type 2 DM and one of the ten most widely 
prescribed drugs for any indication worldwide 43. While there is a paucity of clinical studies of 
metformin safety and efficacy as HDT for TB, many clinical studies have examined the efficacy 
and tolerability of metformin treatment in nondiabetic, HIV-positive individuals with metabolic 
syndrome or with lipodystrophy associated with ART 44-53. A meta-analysis of randomized trials 
using insulin-sensitizing agents to treat HIV-associated lipodystrophy included 6 trials of 
metformin vs placebo (N=287 participants, mean duration 27 weeks) and 3 trials of metformin vs 
rosiglitazone (N=152 participants, mean duration 29 weeks) 34. The anticipated side effect of GI 
intolerance with metformin occurred in both the intervention and control study arms but none of 
the studies included in that meta-analysis reported metformin-associated lactic acidosis (MALA). 
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The preponderance of evidence from 26 published studies suggests that metformin is acceptable 
tolerability and safety for HIV-infected individuals treated concurrently with ART. 
 
Less is known about the tolerability and safety of metformin in combination with ATT. Interim 
results from the Effects of Diabetes on Tuberculosis Severity study in Chennai, India, were 
reported by Dr. Kornfeld (Protocol Co-Chair) and colleagues in 2016 55. All participants initiated 
standard ATT at the time of enrollment and 59 of 111 (53%) diabetic participants were taking 
metformin at baseline or started treatment with metformin by study month-2. None of the diabetic 
participants taking metformin had to discontinue its use or adjust dosage for any reason during 
the time when they were also taking directly observed ATT. These limited data support the 
tolerability of concurrent ATT and metformin treatment but there is a clear necessity for a Phase 
2A clinical trial to determine the tolerability and safety of metformin combined with ATT plus ART 
as a stepping-stone to a necessarily larger Phase 3 randomized controlled trial.  
 
Gastrointestinal toxicity is a potential barrier to the widespread use of metformin as HDT in TB/HIV 
co-infection. If this prevents a high proportion of METHOD trial participants from completing the 
planned 11-week treatment course, then metformin would not be a suitable HDT candidate 
regardless of efficacy. A randomized controlled trial testing extended-release (XR) vs immediate-
release (IR) formulations for type 2 DM treatment reported mild GI toxicity (nausea, vomiting, 
diarrhea) in 18.9% of participants in taking 1500 mg of metformin XR daily 56. Symptoms of 
nausea, vomiting and diarrhea typically peak at the initiation of metformin and improve with 
continued treatment. In the aforementioned trial, 5 of 532 participants (0.6%) in the combined 
metformin XR arms (1500 mg daily, 750 mg BID, 2000 mg daily) discontinued the drug due to GI 
events in the first week of treatment vs 7 of 174 (4.0%) in the metformin IR arm. However, owing 
to withdrawal of XR formulations from the market, the METHOD trial uses the IR product 
metformin hydrochloride made by Mylan Pharmaceuticals, Inc., starting at a dose of 500 mg daily 
and increasing to a maximum of 500 mg twice daily that we expect will be tolerated.  
 
Participants in the METHOD trial will receive ATT and ART following the standards of the Republic 
of South Africa Department of Health and the Southern African HIV Clinicians Society 57. Drug-
resistant TB is an exclusion criterion, so all participants will receive the standard 6-months course 
of first-line ATT (2([HRZE]/4[RH]). Participants on ART at enrollment will continue that throughout 
the trial. Participants who are ART-naïve at enrollment will begin ART within 2-8 weeks of ATT 
initiation, at the discretion of public health clinic medical staff. This conforms to the following the 
current standard Universal Test and Treat protocol adopted South Africa as applied to TB co-
infected patients. Baseline CD4+ T cell count <50 cells/mm3 is an exclusion, so ART does not 
need to be started coincident with ATT initiation. First-line ART in South Africa previously 
comprised the nucleotide analog reverse transcriptase inhibitor tenofovir (TDF) plus the 
nucleoside reverse transcriptase inhibitor emtricitabine (FTC) plus the non-nucleoside reverse 
transcriptase inhibitor efavirenz (EFV). Dolutegravir (DTG; integrase strand transfer inhibitor) has 
replaced EFV in the recommended first-line regimen for South Africa, but EFV is preferred for 
women seeking to conceive and for continuation in those already taking it prior to initiating ATT.  
 
The conventional goal for HDT candidate drugs is to achieve durable cure of active TB disease 
(low relapse rates) with ATT regimens shorter than 6 months. Definitive evidence of efficacy for 
treatment shortening will require Phase 3 trials with very large cohorts and at least 12 months of 
follow-up after ATT completion to capture TB recurrence. A trial of that scope is unfeasibly costly 
to propose without foundational evidence for the tolerability and safety of metformin in the target 
population, as well as a signal indicating likely efficacy. The METHOD trial will test whether 
metformin is safe for use in people treated concurrently for TB and HIV, and whether it exhibits 
potential for TB treatment shortening or a beneficial reduction of PIAT.  
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The chief microbiological outcome for the METHOD trial is time to stable sputum culture 
conversion in liquid media. This is a feasible and proven method to efficiently demonstrate a 
biologically and clinically relevent impact of metformin with promise for treatment shortening. Its 
use is supported by results of the PanACEA MAMS-TB trial that tested four new potential ATT 
regimens at seven sites in South Africa, including Tembisa 58. That trial detected a significantly 
shorter time to liquid culture conversion (48 vs 62 median days of conversion or HR=1.75; P=0.01) 
in the high-dose rifampicin arm compared to standard therapy. There was a corresponding 
reduction in the proportion positive solid medium cultures at month-2 but the difference was not 
statistically significant. Sputum solid culture status at month-2 will be included in the METHOD 
trial as a complementary approach to evaluate the potential for treatment shortening. The sample 
size for PanACEA MAMS-TB was 57-63 participants per arm in different treatment arms and 123 
in the control arm. The size of the METHOD cohort (n=50 per arm with evaluable data) is selected 
to address the primary goal of testing tolerability and safety. While smaller than PanACEA MAMS-
TB, the METHOD cohort may be sufficient to identify a postive trend for efficacy based on the 
anticipated effect size of metformin.  
 
Most morbidity and mortality in TB results from collateral lung damage caused by the host immune 
response, including inflammation and fibrotic resolution. Immunomodulation concurrent with 
antimicrobial treatment for infection can be safe and host-protective as demonstrated by the use 
of corticosteroids to improve Pneumocystis jirovecii pneumonia outcomes. Limiting lung damage 
in TB could be an HDT efffect of equal or even greater importance than accelerated sputum 
sterilization. Accordingly, the change in FEV1% from baseline to TB treatment completion is a 
secondary outcome in the METHOD trial. Spirometry values in TB patients are typically lowest at 
the time of diagnosis and improve, to variable extent, with treatment 59. Lung function and exercise 
capacity will be further quantified using well-validated and widely used parameters of spirometry 
(FVC, FEV1/FVC) 60 and the 6-minute walk test 61 with pulse oximetry 62. Respiratory quality of 
life (QoL) will be quantified using the St. George’s Respiratory Questionnaire (SGRQ). This 
health-related QoL instrument has been validated for a variety of lung diseases including 
pulmonary TB 63 and it is currently being used in an observational TB study in South Africa 64.   
 
Enrollment in the METHOD trial will not be limited by stratification, but strata will be analyzed post 
hoc. Participants will be classified at enrollment by radiographic extent of disease using the simple 
3-level scale developed by the NTRDA 65. Natural history studies in the pre-chemotherapy era 
using this scale found that the risk of death due to TB in the 10 years post-diagnosis increased 
progressively from 12% to 21% and 68% as radiographic extent of disease at TB diagnosis 
increased from minimal to moderately advanced and far advanced 66. A study of 71 South African 
TB patients conducted in 1989 found the extent of lost respiratory function, measured up to 16 
years after curative ATT was directly correlated with the radiographic extent of disease at 
diagnosis 67.  
 
The categorical NTRDA x-ray scale used for enrollment classification in the METHOD trial will not 
be used to assess the effects of treatment, a task for which the number of levels is insufficient. 
To assess treatment effects, we will use a more recently described, validated numerical score to 
grade chest x-ray severity developed by Ralph et al. 68. This linear variable will be used to quantify 
the radiographic extent of pulmonary TB disease at enrollment and the degree of resolution at 
study completion. Two blinded, trained x-ray readers at the University of Massachusetts Medical 
School (UMMS) will score the digital chest x-ray images by the categorical and numerical 
approaches. Disagreement between the two independent scores will be reconciled by the two 
readers plus a third, trained adjudicator before the final score is entered in the Radiology case 
report form (CRF). The METHOD trial will employ a training process developed by Dr. Kornfeld, 
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in collaboration with Indian collaborators for the RePORT India Consortium. Numerical x-ray 
severity score data from readers trained in this way was used successfully to identify differences 
in the degree of resolution between x-rays performed at baseline and after ATT completion in TB 
patients with and without diabetes 55.  
 

6.2 Rationale 
 
Preclinical data in mice show that metformin (1) enhances macrophage killing of Mtb by activating 
AMP-activated protein kinase (AMPK) and downstream effector pathways, (2) enhances CD8+ T 
cell responses, and (3) reduces inflammation associated with TB disease 13. Because these 
mechanisms contribute to immune protection and the control of bacterial replication, it is expected 
that metformin will enable treatment shortening for TB. Data from a number of retrospective 
studies show that use of metformin is associated with reduced risk to develop latent TB infection, 
reduced risk to progress from latent infection to active TB disease and reduced risk of mortality 
during TB treatment 13;16-25.  
 
These data were obtained in diabetic populations, but metformin demonstrated efficacy after 
adjustment for glycemic control and when compared to other anti-diabetic drugs. Recent studies 
describing accelerated sputum conversion with metformin have particular relevance to the 
METHOD trial. Santos et al. 20 reported that diabetic TB patients taking metformin vs non-
metformin regimens had significantly reduced time to sputum conversion (50 vs 73 days) despite 
no difference in glycemic control. Lee et al. 21 reported accelerated sputum conversion with 
metformin but only in cases of cavitary TB. Ma et al. 22 reported increased month-2 culture 
conversion with metformin. Based on published mouse and human data demonstrating the 
efficacy of adjunctive metformin though defined mechanisms of action, and its outstanding safety 
record in widespread clinical use for approved indications, there is a compelling rationale to test 
metformin in combination with ATT to accelerate sputum culture conversion and to reduce 
damaging immune pathology during TB treatment. Shorter TB treatment regimens are expected 
to improve adherence, reduce cost, and reduce the risk of acquired drug-resistance 69. Modulation 
of immune pathology is expected to reduce the toll of PIAT in the predominantly working-age 
population of TB patients. These considerations support the objectives of the METHOD trial. 
 
Metformin is approved worldwide for the treatment of DM; its use as HDT for TB is investigational. 
Treating non-diabetic people with metformin is also investigational but, unlike the case for HDT 
activity, this has been extensively tested for other non-FDA-approved conditions including pre-
diabetes, HIV-related lipodystrophy, infertility, polycystic ovary syndrome and gynecological 
cancers 52;70;71. Metformin reduces hepatic glucose production and increases insulin sensitivity 
but unlike other oral anti-diabetic agents, metformin has very low potential to provoke 
hypoglycemia in non-diabetic individuals. Finally, there is abundant evidence for acceptable 
tolerability and safety of metformin in people who are HIV-infected and taking ART. Metformin 
carries a “black box” warning for lactic acidosis (LA) as a potential life-threatening adverse effect 
but the legitimacy of this association is controversial 72. Risks are minimized in the METHOD trial 
cohort by excluding people with known risk factors for LA (Section 9.1.2). No other candidate 
agents in the HDT pipeline match the pre-clinical and retrospective clinical evidence of efficacy 
established for metformin and very few match its low cost. These considerations support the 
feasibility of the METHOD trial. 
 
There is currently no solid basis in evidence to determine the optimal dose or duration of 
metformin treatment for HDT efficacy against TB, so these parameters for the METHOD trial were 
selected based on the best available indirect evidence. A metformin dose 250-500 mg/kg in 
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drinking water was required to see protective effects against TB in C57BL/6 mice 13. Humans 
treated for DM with typical metformin doses of 1.5-2.5 gm daily have plasma levels in the 10 μM 
range 73. Metformin administered to C57BL/6 mice at 250 mg/kg in drinking water for 2 weeks 
resulted in plasma concentrations in the 5 μM range 74, supporting the relevance of the mouse 
data to human TB treatment. The relative efficacy of metformin to reduce rates of progression 
from TB infection to disease and mortality of TB disease in patients with type 2 DM was shown to 
be dose-dependent in two retrospective studies 18;19, suggesting that a dose below 1000 mg daily 
might not show HDT efficacy. However, a study by Lachmandas et al. 15 reported changes in 
systemic immune parameters of healthy Dutch adults treated with metformin for six days in 
escalating doses that peaked at 2000 mg for a single day and ended with 1000 mg on the last 
day. The mean daily dose in that study was in that study was 1167 mg. In view of that data, and 
since African Americans are more sensitive than European Americans to the anti-diabetic effects 
of metformin 75, a dose that is equivalent to range between 1000 mg to1500 mg appears to offer 
the best chance of showing efficacy while minimizing risk in the METHOD cohort.  
 
Dolutegravir inhibits OCT2 and was reported to increase metformin exposure substantially (79% 
higher AUC) 76. . Concurrent use of metformin and DTG was reported to have acceptable 
tolerability and safety 77;78. 
 
All METHOD trial participants will take rifampicin as part of the standard 2([HRZE]/4[RH] regimen 
for drug-sensitive pulmonary TB. Rifampicin increases metformin exposure by ~28%, due to 
increased intestinal absorption 80. 
 
Trimethoprim inhibits OCT2 and MATE1 to a moderate degree (~37% increase in AUC at a dose 
of 200 mg every 12 hours) 80. The prophylactic dose of trimethoprim in HIV is 160 mg once daily, 
which is estimated to increase metformin exposure by ~15%. Since Pneumocystis prophylaxis is 
recommended for CD4+ T cell count <200 cells/mm3 it is expected that some METHOD trial 
participants will be taking trimethoprim, which could increase metformin exposure by up to ~122% 
if the combined effects of trimethoprim, DTG, and rifampicin are additive. Participants reporting 
the use of any drug on the list of precautionary medications other than trimethoprim will be advised 
to consider alternative agents in consultation with their medical providers.  
 
Based on the interaction with rifampicin, the daily dose of metformin used in the METHOD trial 
(1000 mg) is expected to result in plasma drug levels equivalent to an oral dose of 2070 mg or 
1280 mg for DTG or EFV regimens, respectively, and 2220 mg if trimethoprim is also taken 
concurrently. These levels are below the maximum recommended daily dose for diabetes 
treatment (2550 mg) but above the mean dose in the Lachmandas study, which reported changes 
in blood mononuclear cell metabolism, gene expression and cytokine production 15. Metformin at 
the mean dose used by Lachmandas (1167 mg) also increased mitochondrial mass, increased 
non-classical monocytes associated with trained immunity, and increased the capacity of 
mononuclear phagocytes to restrict Mtb replication ex vivo 15 suggesting the potential for HDT 
efficacy. If any METHOD trial participant is also taking trimethoprim prophylaxis, that could result 
in plasma metformin levels up to 2440 mg. Such an increase remains within safe bounds and 
should not confound the assessment of safety and efficacy endpoints.   
 
Participants in the METHOD trial will take the study drug for 11 weeks, which provides metformin 
exposure through the intensive phase of ATT plus one additional month. This time period 
corresponds to the peak of bacterial burden and inflammation when metformin is expected to 
have its greatest beneficial impact. The study testing in vivo effects of metformin on immunity to 
Mtb in healthy human volunteers identified potentially protective biological responses within the 
first 3-6 days of treatment 15. On this basis, the risk of prolonged metformin exposure with 
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extended dosing through the entire 6-month course of ATT is unjustified when weighed against 
potential benefit. For the planned METRIF trial in India, participants in the intervention arm will be 
treated with metformin 1000 mg daily for 2 months 42. A trial of multiple HDT candidate (vitamin 
D2, everolimus, auranofin and CC-11050) sponsored by the Bill and Melinda Gates Foundation 
and conducted at Tembisa used a treatment period of 4 months. Clearly, no standard for the 
optimal duration of any TB HDT regimen currently exits; the 3-month duration used in the 
METHOD trial provides a reasonable balance between the potentially conflicting goals of ensuring 
participant safety and demonstrating HDT efficacy.     
 
Comparison of the metformin arm and standard treatment arm of the METHOD trial includes an 
investigation of metformin effects on selected plasma and serum proteins, the whole blood 
transcriptome, and on cell surface phenotypes of leukocyte subsets that may reflect the 
biological activity of metformin as HDT for TB. Results of this study may be mechanistically 
informative with respect to protective efficacy (or lack thereof) when analyzed in the context of 
the secondary endpoints of the interventional study (sputum conversion and respiratory health 
measures) as well as whole blood assay and PK/PD results.  
 
Results of this systems immunology study could also identify biomarkers that could improve the 
productivity of a multi-site phase 3 trial of metformin for TB HDT where different sites might lack 
resources (e.g. spirometry) used in the METHOD trial. Inclusion of the HIV+/TB- omics control 
group is necessary to disambiguate the influence of HIV vs TB on the parameters that will be 
analyzed. 
 
These control participants will provide the baseline information on any possible perturbation 
which HIV might have on immune cell gene expression, which could significantly affect the 
immune parameters among HIV+/TB+ patients in the two study arms. The data from HIV+/TB- 
omics control group will be used to normalize the impact of HIV infection in the treatment arms. 
  

6.3 Study Hypotheses 
 
Hypothesis #1: Metformin has acceptable tolerability and safety when combined with ATT and 

ART in patients co-infected with TB and HIV.  
 
Hypothesis #2: Metformin combined with standard ATT accelerates sputum conversion and 

improves respiratory outcomes of pulmonary TB disease in HIV co-infected 
individuals.  

 
The omics control group for the METHOD trial supports investigations that are linked to the 
second hypothesis. 
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7 OBJECTIVES 
 

7.1 Primary Objectives 
 
The primary objectives of the METHOD trial are: 

1. Determine tolerability and safety of metformin added to standard ATT and ART in the 
treatment of TB/HIV co-infection.  

2. Conduct a pharmacokinetic-pharmacodynamic analysis of metformin toxicity, efficacy, 
and immune modulation. 

 
The objective of the Omics Control Group is to provide baseline values for systems immunology 
investigations performed with samples from the treatment arms of the METHOD trial. 
 

7.2 Secondary Objective 
 
To evaluate the potential efficacy of metformin as adjunctive therapy when added to standard 
ATT and ART for TB/HIV co-infection. Efficacy will be determined based on the parameters 
listed as secondary endpoints. 
 

7.3 Exploratory Objectives 
 
The exploratory objective of the METHOD trial is to evaluate the potential of metformin to exert 
host-protective effects against HIV based on the following measures: 

1. Change in viral load from baseline to study drug completion. 
2. Change in CD4+ T cell count from baseline to study drug completion. 
3. Occurrence of TB-associated immune reconstitution inflammatory syndrome (TB-IRIS). 
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8 STUDY DESIGN 
 
The METHOD trial will be a Phase 2A randomized, open-label trial of metformin added to standard 
ATT and ART in HIV-positive participants with drug-sensitive pulmonary TB disease. Two sites, 
the Aurum Tembisa CRC and Isango Lethemba TB Research Unit operated by The Aurum 
Institute and Wits Health Consortium, will be used for the METHOD trial unless accrual does not 
meet expectations, in which case other sites in South Africa operated by The Aurum Institute will 
be added. There are two parallel arms for this interventional trial: standard treatment for TB/HIV 
coinfection vs metformin added to standard treatment. Enrollment in the METHOD trial will not be 
limited by stratification, but strata will be analyzed post hoc. Participants will be classified at 
enrollment by radiographic extent of disease using the simple 3-level scale developed by the 
NTRDA. Block randomization will be performed on participants conforming to the inclusion and 
exclusion criteria listed in Sections 9.1.1 and 9.1.2.  
 
The cohort will comprise 112 participants with TB/HIV co-infection (56 in each study arm). The 
site will begin enrolling participants in the fourth quarter of funding year-2 and enrollment will be 
completed in the fourth quarter of funding year-4, allowing 27 months for enrollment. The accrual 
goal will be met if 4 participants are enrolled per month, which is well within enrollment rates 
achieved for previous studies conducted at the Aurum Tembisa CRC. Individual participation 
spans 9 months, including 6 months of clinic follow-up visits and final telephone interview at week-
36. With the final visit of the last-recruited participant occurring in the third quarter of year-5. We 
plan total enrollment of 112 HIV+/TB+ individuals to make up for instances of early withdrawal 
and default with a goal of retaining 100 participants with evaluable data for analysis. To provide 
baseline values for proteomic, transcriptomic and flow cytometry studies, we will recruit HIV+ 
controls without active TB disease (N=30) with participation limited to a single time point. These 
omics control participants will come from the same general population as the HIV+/TB+ 
participants in the METHOD cohort. These omics control participants will only be enrolled at the 
Tembisa CRC. The HIV status of the omics control group will be confirmed by POC HIV serology. 
Absence of pulmonary TB disease in omics participants will be screened by sputum Xpert and, if 
negative, confirmed by negative chest x-ray and sputum Mtb culture. The maximum total 
enrollment including both study arms and omics control group is 142 individuals.  
 
The primary objective of the METHOD trial is to determine whether metformin can be tolerated 
when used concurrently with standard ATT and ART. The primary endpoint is the number of 
grade 3 or 4 adverse events during the time on study drug plus 4 weeks post study drug 
completion. Based on clinical experience with metformin used to treat DM, the most common 
cause of adverse events will be GI toxicity. Manifestations of GI toxicity include nausea, 
vomiting and diarrhea. Follow-up visits occur weekly for the first two months of study participation 
when the risk of drug intolerance is highest. Study drug may be prematurely discontinued at any 
time based on criteria listed in Section 13.6.1. 
 
The secondary endpoint reflecting microbiological efficacy is time to conversion of sputum Mtb 
culture using the Mycobacterial Growth Indicator Tube (MGIT) system. We will also test the 
complementary endpoint of month-2 sputum solid culture status. The selection of time to 
conversion follows the approach implemented in the PanACEA MAMS-TB trial 58 that had 
treatment arms of comparable size to the METHOD trial. Baseline and month-2 sputum samples 
collected for culture on solid media are included based on data linking month-2 sputum status to 
treatment outcome (see http://cid.oxfordjournals.org/content/61/suppl_3/S160.long). Participants 
having negative solid cultures at baseline or with contaminated cultures at month-2 will be 
excluded from the month-2 analysis but will still be included in analysis of MGIT results if baseline 
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MGIT was positive. Some participants are expected to show discordant results of solid culture 
and MGIT during the first two months of treatment, with MGIT showing greater sensitivity 81 but 
higher rates of contamination.  
 
Efficacy will be evaluated based on a modified intention-to-treat population, consisting of all 
participants who underwent randomization and received the study medication at least once, but 
excluding participants whose initial laboratory evaluation subsequently indicated study ineligibility 
due to negative baseline Mtb culture or positive baseline culture with resistance to isoniazid, 
rifampicin, or pyrazinamide. The modified intention-to-treat analysis will include all participants 
who have taken at least one dose of the study medication during the continuation phase of ATT. 
This group will be treated as the any-exposure population. In addition, participants who took at 
least 80% of all doses over a period of 3 months will be included in a per-protocol population. A 
secondary analysis will examine efficacy endpoints in this population. In view of the potential for 
discordant results between solid and MGIT cultures, participants with negative solid cultures at 
baseline or with contaminated solid cultures at week 8 will be excluded from the month-2 analysis 
but will still be included in analysis of MGIT results if baseline MGIT was positive, and they will be 
included in the secondary outcomes analysis. 
 
Omics control group participants will be evaluated at the Aurum Tembisa CRC, with a screening 
visit to establish eligibility followed by an enrollment visit within 14 days when samples will be 
collected for additional clinical and research laboratory testing. Participants in the omics control 
group will be recruited from the same general population as the HIV+/TB+ participants in the 
METHOD trial treatment arms. Thus, their HIV status may be known prior to screening and in 
some instances a recent sputum Xpert TB/RIF result and/or chest x-ray may be available. HIV-
seropositivity will be confirmed by point of care (POC) HIV testing if not on ART. Sputum Xpert 
will be performed on omics control group participants at screening and, if negative, the absence 
of active pulmonary TB will be confirmed by chest x-ray and sputum Mtb culture.  
 
A total of 30 individuals will be enrolled in the omics control participant group. This sample size 
matches the N=30 participants from each of the two treatment arms whose samples will be used 
for systems immunology evaluations.   
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9 STUDY POPULATION 
 
The METHOD trial study population will comprise of adult (18-65 years) female and male 
participants residing in the greater catchment area of the Aurum Tembisa CRC, situated in City 
of Ekurhuleni District, the City of Johannesburg, City of Tshwane District, within the Province of 
Gauteng, and Nelson Mandela Bay area, Sub district A and C within the Province of Eastern 
Cape, South Africa. Based on experience with other clinical trials conducted at the Aurum 
Tembisa CRC, we anticipate that the cohort will comprise 50% females with median age 37 
years and the following proportion of ethnicities: 97% Black/African, 1% Coloured, 1% 
Indian/Asian, 1% White/European. The population at the Port Elizabeth site has different 
characteristics, so the final composition of the METHOD cohort will be influenced by the 
proportion of participants enrolled from Gauteng versus Port Elizabeth. 
 

9.1 Inclusion/Exclusion Criteria 
 

9.1.1 Participant Inclusion Criteria 
 
Participants must meet all of the following inclusion criteria to enroll in the treatment arms of the 
METHOD trial: 

1. Age 18 through 65 years. 
2. HIV-1 seropositive status prior to or after screening.  
3. Chest radiograph compatible with pulmonary TB.  
4. Positive sputum Xpert TB/RIF or ULTRA with one Ct <25 OR subsequent culture 

confirmation 82.  
5. RIF susceptibility diagnosed by an approved TB diagnostic test e.g. Xpert TB/RIF, 

ULTRA or  BD Max 
6. Residence within study catchment area.  
7. If female of childbearing potential, willing to use contraception for the duration of study 

participation (criteria for childbearing potential and for acceptable contraception are 
listed in Section 11.3.6).  If male, willing to use condoms for the duration of metformin 
treatment plus an additional three months after stopping metformin. 

8. Able and willing to provide informed consent (IC). 
 
Inclusion criteria 1, 2, 6, 7, and 8 also apply to participants in the omics control group.  
 

9.1.2 Participant Exclusion Criteria 
 
Candidates for participation in the METHOD trial will be excluded if they meet any of the 
following exclusion criteria:  

1. Any condition for which participation in the trial, as judged by the investigator, could 
compromise the well-being of the participant, or prevent, limit, or confound protocol-
specified assessments. 

2. Is critically ill, and in the judgment of the investigator has a diagnosis likely to result in 
death during the trial or the follow-up period. 

3. TB meningitis or other forms of severe TB with high risk of a poor outcome as judged by 
the investigator.  

4. Pregnant or breastfeeding. 
5. Resistance to any first-line ATT drug demonstrated by susceptibility testing.  
6. More than 14 days ATT for the current episode of TB, prior to enrollment. 
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7. Taking any fluoroquinolone antibiotic.  
8. History of diabetes mellitus or fasting blood glucose ≥7.0 mmol/L on screening 

evaluation. 
9. History of congestive heart failure, chronic liver disease, autoimmune disease, or 

malignancy. 
10. Consumption of >28 units (men) OR >21 units (women) of alcohol/week 
11. Use of metformin within 1 year prior to enrollment. 
12. History of sensitivity to metformin. 
13. Acute or chronic metabolic acidosis based on reported medical history or laboratory 

tests performed on screening evaluation.  
14. Body mass index (BMI) <17.0 kg/m2 on screening evaluation. 
15. Peripheral blood CD4+ T cell count <50 cells/mm3 on screening evaluation. 
16. Hemoglobin <9 g/dL (men) or 8 g/dL (women) on screening evaluation. 
17. Platelet count <50,000/mm3 on screening evaluation. 
18. Absolute neutrophil count <750 cells/mm3 on screening evaluation. 
19. Estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m2 calculated by the CKD-

EPI equation.   
20. Serum bicarbonate <18 mmol/L on screening evaluation. 
21. AST or ALT ≥3 times the upper limit of normal (ULN) on screening evaluation. 
22. Hepatitis B surface antigen positive. 
23. Enrollment in another interventional study at any time during participation in the 

METHOD trial.  
24. Imprisonment at the time of or after enrollment in the METHOD trial. 
25. Diagnosis of active COVID-19 at time of screening or high suspicion of active COVID-19 

disease during screening. 
 
Exclusion criteria 1, 2, 4, 7, 8-11, and 13-25 also apply to participants in the omics control 
group. A positive sputum Xpert TB/RIF or Mtb culture, or radiographic evidence of any 
pulmonary infectious disease process are exclusion criteria for the omics control group.  
 

9.1.3 Co-enrollment Criteria 
 
Participants in the METHOD trial are prohibited from co-enrollment in any other interventional 
human clinical research study at any time from screening through the final study visit. Co-
enrollment in an observational study is permitted only with the approval of the national PI or 
protocol Chair of the METHOD study and the observational study.  
 

9.2 Recruitment Process 
 
Tried and tested methods will be used to identify TB suspects. Aurum’s Tembisa CRC and Isango 
Lethemba TB Research Unit has a long standing and existing relationship with the NHLS, the 
national reference laboratory of South Africa providing diagnostic and testing services to >80% of 
the South African population. This relationship has been strengthened through the Advancing 
Care and Treatment for TB and HIV Collaborating Centre (ACT4TB/HIV) led by Aurum, as well 
as the Wits Health Consortium. 
 

9.2.1 Potential candidates for participation in the treatment arms: 
 
Candidates eligible for participation in the trial will be identified as TB positive and HIV positive. 
They will be recruited from Primary Health Care clinics in  four districts: 1, Ekurhuleni (27 clinics); 
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2, City of Johannesburg, Regions A (8 clinics) and Region E (4 clinics) and; 3, Tshwane, Region 
3 (12 clinics), Region 4 (5 clinics), Region 5 (2 clinics), and Region 6 (8 clinics), Nelson Mandela 
Bay area, Sub-district A ( 18 clinics) and Sub-district C (12 clinics) . Candidates will be identified 
using 5h3 TB Suspect Registry. With consent from the potential participant, we will trace Xpert 
MTB/RIF results using the National Health Laboratory Service (NHLS) TrakCare web portal. This 
recruiting plan was approved by the South African Health Products Regulatory Authority 
(SAHPRA) and the University of Witwatersrand Human Research Ethics Committee (WHREC). 
  
HIV status and CD4+ T cell count will be known for some but not all participants prior to screening. 
The HIV results will be accessed using Tier.Net for candidates with previously known HIV status. 
The primary care clinic staff for Aurum and Isango Lethemba TB Research Unit staff (with 
permission from the District Department of Health) will introduce/refer selected candidates (with 
their permission) to the Aurum Tembisa CRC study team and Isango Lethemba TB Research 
Unit, allowing the team to look up additional laboratory results and initiate recruitment. Recruiting 
will also be implemented through the HIV Counselling and Testing program operated by Aurum 
in the Tembisa catchment areas.  
   

9.2.2   Potential candidates for participation in the omics control group: 
 
Participants will be identified as TB negative and HIV positive. Recruitment strategy will utilize the 
same clinics as above. All candidates will have negative Xpert results from the National Health 
Laboratory Service available before screening, and many will have positive HIV serology and viral 
load results. Where HIV test results are unavailable, this will be performed at screening.  Sputum 
mycobacterial culture and chest x-ray will be done to confirm that absence of active TB disease. 
For all control participants, the site will assess the requirement for referral for IPT. 
 

9.3 Participant Retention 
 
The staff at the Aurum Tembisa CRC includes a Community Engagement Unit comprising a 
Community Engagement Manager, a Recruitment & Retention Leader, a Retention Officer and 
two Recruiters and the Isango Lethemba TB Research Unit team comprises of field 
workers/counsellors and study coordinators. Through the effort of these individuals and other 
members of Aurum Tembisa CRC team, retention in nine completed or ongoing trials between 
2008 and the present has ranged from 85 to 100%. To minimize loss of follow-up, participants 
receive a phone call reminder one week before scheduled visits and the call is followed by an 
SMS reminder. A phone call and SMS reminder are made again one day prior to the scheduled 
visit. If an appointment is missed, the participant is visited at home and transportation arranged, 
if necessary. Retention is also supported by making the Aurum Tembisa CRC and Isango 
Lethemba TB Research Unit waiting areas and exam areas inviting, clean and professional with 
television and refreshments available. Participants are reimbursed R300 per visit, per SAHPRA 
and WHREC recommendations. Participants in the sparse PK sampling group will be reimbursed 
R450 and those in the intensive PK sampling group will be reimbursed R1000 at V06 (week 5). 
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10 INTERVENTIONS 
 

10.1 Biomedical Interventions 
 
Treatment with metformin is the only intervention used in the METHOD trial. All participants will 
receive standard ATT, ART and prophylaxis for opportunistic infection according to local and 
national standards. 
 

10.1.1 Regimen (dose, schedule, route, administration) 
 
Metformin hydrochloride 500 mg tablets once daily by mouth for 1 week, escalating to 500 mg 
twice daily for 10 weeks in the metformin arm only. It should be taken with a meal and the tablet 
should be swallowed whole and never crushed or chewed. 
 

10.1.2 Study Product Formulation and Preparation 
 
Metformin hydrochloride 500 mg tablets will be used. These tablets contain the inactive 
ingredients artificial blackberry flavor, magnesium stearate, polyethylene glycol, polyvinyl alcohol, 
povidone, talc, and titanium dioxide. Recommended storage temperature is 20-25 °C. 
 

10.1.3 Study Product Supply and Accountability 
 
Metformin hydrochloride 500 mg (NDC 0378-7185-05) manufactured by Mylan Pharmaceuticals, 
Inc.  
 
The recommended storage temperature range is 20-25 °C. 
 
The receipt, handling, storage, dispensing accountability, and destruction (where applicable) of 
study product is the responsibility of the Site Pharmacist. Refer to the Pharmacy Manual 
(Appendix C) for a detailed description of the  study product supply and accountability. 
   

10.1.4 Assessment of Participant Adherence with Study Product 
 
Prior to starting metformin, participants will be counselled about the importance of following the 
instructions for its use, including the time of day when tablets should be taken and to take them 
with food. This contrasts with the recommendation for taking ATT on an empty stomach for optimal 
absorption of rifampicin. Participants will be informed about symptoms of potential side effects 
and the circumstances under which metformin should be discontinued. Self-reported adherence 
is checked and reinforced at every scheduled participant contact, and counselling about 
adherence is repeated at each visit. On an as-needed basis, staff will provide additional 
assistance such as intensive counselling, food parcels and phone alarms to assist participants 
having issues with adherence.  
 
Metformin is provided in 30-tablet blister packs and dispensed in numbers that exceed the number 
of tablets that should be taken before the next visit. At follow up visits, the participant will return 
all used and unused blister packs to pharmacy. Pill count is done, and returns are entered on an 
accountability log. The number of remaining tablets is counted at each visit. If the pill count does 
not match the prescribed use, participants will be questioned regarding the reason and receive 
intensified counselling. If a participant does not return their metformin containers, this will be 
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followed up by the clinic and feedback tracked by pharmacy. These adherence measures are 
significantly more robust than those offered by local public health clinics.  
 

10.1.5 Concomitant Medications and Procedures 
 
Use of concomitant medications will be reviewed and recorded at baseline and at each follow-up 
visit through week-16 (V12), coinciding with the final adverse event (AE) assessment 4 weeks 
after study drug completion. METHOD trial personnel will provide TB and HIV treatment for 
participants while they are in the study, but participants will go to their respective clinics for extra 
CD4 and viral load tests as required by local and national guidelines.  
 
Use of metformin will be temporarily suspended for any surgical procedure (except minor 
procedures that do not require restricted intake of food and fluids) and will not be restarted until 
the participant’s oral intake has resumed and renal function has been evaluated as normal. A 
similar approach will be taken if participants coincidentally develop shock or other manifestations 
of critical illness from any cause. 
 

10.1.6 Permitted Medications and Procedures 
 
METHOD trial participants are permitted to use first-line medications for the treatment of HIV and 
the treatment or prevention of concurrent acute or chronic comorbidities (e.g. prophylaxis for HIV-
related opportunistic infections such as trimethoprim-sulfamethoxazole, oral antifungal agents for 
mucosal candidiasis) and to use oral or parenteral contraceptives as stated in Section 11.3.6. If 
the participants are advised by HIV clinic staff to change their ART regimen, their eligibility for 
continued participation in the METHOD trial will be reviewed. 
 

10.1.7 Prohibited Medications and Procedures 
 
Use of fluoroquinolones is prohibited since drugs in this class can precipitate hypoglycemia, which 
could be further exacerbated when given concurrently with metformin.  
 

10.1.8 Precautionary Medications and Procedures 
 
Metformin is a highly polar drug; its elimination by renal tubular secretion depends on membrane-
bound cation transporters (OCTs) and multidrug and toxin extrusion transporter (MATEs) whose 
activity may be inhibited by a number of commonly used drugs. Caution is advised for concomitant 
use of furosemide, nifedipine or cationic drugs eliminated by renal tubular secretion (amiloride, 
digoxin, morphine, procainamide, quinidine, quinine, ranitidine, triamterene, trimethoprim, or 
vancomycin) that may alter metformin exposure. Rifampicin also increases metformin exposure 
by a mechanism that has been conclusively identified but is suspected to be increased GI 
absorption 79. Of these drugs, all METHOD trial participants will be taking rifampicin and, while 
not expected, concurrent use of trimethoprim would be permitted. The rationale for study drug 
selection based on expected drug-drug interactions is described in Section 6.2.  
 
Use of metformin will be temporarily suspended if radiological studies involving intravenous 
iodinated contrast materials are advised for any METHOD trial participant. Metformin will be 
temporarily discontinued prior to the procedure and restarted no sooner than 48 hours after the 
procedure and only when renal function has been re-evaluated and found to be normal. 
No interaction is expected between metformin and EFV.  
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10.1.9 Required Medications 
 
Required medications include the standard first-line ATT drugs as well as any ART drugs and 
prophylaxis deemed necessary by the public health clinic providers responsible for managing HIV 
treatment in METHOD trial participants. Treatment of TB will be managed by the METHOD trial 
team while treatment of HIV will be managed by government clinic providers. All METHOD 
participants will have drug-sensitive pulmonary TB and receive standard (2([HRZE]/4[RH]) using 
weight-based doses of RIFAOUR e-275 [150(75/700/275) mg] and RIFINAH [(150/75) mg] 
tablets. Following the local standard of care, adherence to ATT will be monitored by pill count and 
not by directly observed therapy. Follow-up visits occur weekly through the intensive phase of TB 
treatment, allowing for close monitoring and counselling to maximize adherence.  First ART 
regimens used by providers in the Aurum Tembisa and Isango Lethemba TB Research Unit 
catchment areas are the combination of TDF, FTC, and DTG or EFV. Participants in the treatment 
arms will receive vitamin B6 25 mg to reduce the risk of deficiencies associated with isoniazid 83. 
Metformin hinders absorption of dietary vitamin B12, but clinically significant reduction in B12 
levels is not expected to occur with the short duration of metformin treatment in the METHOD trial 
84.  
 
Metformin GI toxicity is minimized by taking the drug with food, so participants will be advised to 
take the metformin with breakfast. Participants will be advised to take ATT drugs on an empty 
stomach, since this facilitates rifampicin absorption. Therefore, ATT and study drugs will be taken 
at different times of day. Adherence to treatment and the timing of medication ingestion will be 
reviewed at every follow-up encounter.   
 

10.1.10 Rescue Medications 
 
The occurrence of MALA is a potentially life-threatening emergency. There is no medication that 
directly prevents MALA and no specific rescue agent.  Treatment consists of supportive care 
including discontinuation of metformin, bicarbonate infusion and optimizing ventilation to 
compensate for metabolic acidosis. In severe cases, hemodialysis can accelerate the correction 
blood pH and osmolarity while also removing metformin and lactate from the circulation 85. 
METHOD trial participants with signs and symptoms of a serious adverse event (SAE) requiring 
urgent or emergent inpatient medical care will be transported to Lenmed Zamokuhle Private 
Hospital or the Tembisa Tertiary Public Hospital, which is located less than 1 km from the Aurum 
Tembisa CRC at 128 Flint Mazibuko Street, Hospital View, Tembisa and Livingstone Hospital or 
Netcare Greenacres hospital which are both located 30km from the site. These hospitals offer 
hemodialysis services under the direction of a resident nephrologist. 
 
Asymptomatic and mildly symptomatic hypoglycemia (blood glucose <3.9 mmol/L) will be treated 
with glucose 20 gm PO. Severely symptomatic hypoglycemia will be treated with glucagon 1 mg 
SC. 
 

10.2 Behavioral Intervention(s) 
 
Behavioral interventions employed in the METHOD trial will include network-orientated peer 
education for adherence with ATT and ART, prevention of TB and HIV transmission, and 
adherence with the study drug. This support will be provided by study nurses and Community 
Engagement staff at every participant encounter and, if necessary, by mobile phone contact or 
staff visits to the participant’s dwelling.  
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11 STUDY PROCEDURES/EVALUATIONS 
 

11.1 Clinical Evaluations and Procedures 
 

11.1.1 Medical history: 
 
Medical history will be obtained by interview at screening and enrollment, and it will be updated 
at all follow-up visits. This information will be recorded in CRFs. 
 
Medical history at screening will cover the demographic, behavioral and medical history elements 
listed in the Inclusion Criteria (Section 9.1.1) and Exclusion Criteria (Section 9.1.2).  
 
Medical history at enrollment will cover additional details of HIV infection as reported by the 
participant (year of diagnosis, occurrence of AIDS-defining illness) and history of any prior 
episodes of TB disease (year of diagnosis, site[s] of infection, treatment). Medical history on 
follow-up visits will address the interval occurrence of elements listed in in the Inclusion Criteria 
(Section 9.1.1) and Exclusion Criteria (Section 9.1.2) as well any outpatient or inpatient 
encounters with medical providers other than METHOD trial staff.  A complete review of systems 
will be performed at the enrollment and all follow-up visits, covering all 14 systems recognized by 
the Centers for Medicare and Medicaid Services. 
 

11.1.2 Medication history: 
 
Medication history at screening will cover the drugs listed in the Exclusion Criteria (Section 9.1.2). 
Medication history at enrollment will cover prior or current use of ART drugs (drug names, when 
prescribed, self-reported compliance, adverse effects, and tolerability) use of ATT drugs for <14 
days for the current episode of TB or duration for any prior episode of TB (drug names, when 
prescribed, self-reported compliance, adverse effects and tolerability), and all other prescription 
and non-prescription drugs used by the participant. Participants will be asked about the use of 
precautionary medications (Section 10.1.8). Medication history at all follow-up visits for the 
intervention arms will record any changes in medication use since the previous encounter as well 
as adherence with study drug, ATT, and ART. 
 

11.1.3 Physical exam:  
 
A full physical exam at screening will record weight, height, and vital signs (temperature, pulse, 
blood pressure respiratory rate), and will include but not be limited to an oral exam (for presence 
of thrush), lymphatic exam, chest auscultation, abdominal exam (tenderness, organomegaly), 
skin exam (rash, cutaneous infection) and neurological exam for localizing signs or signs of 
peripheral neuropathy (light touch by Ipswich Touch Test 86, gait). An interim targeted physical 
exam will be performed on all follow-up visits, including weight but not height and also including 
pulse oximetry. The screening exam of omics control group participants will be similar but will not 
include the neurological evaluations. 
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11.1.4 Counselling procedures:  
 
All participants enrolled into the METHOD study will receive HIV counselling. Newly diagnosed 
participants who have not been initiated on ART will receive HIV counselling. Participants who 
are already on ART should be counseled on adherence to ART.  
 

11.1.5 Radiological procedures: 
 
A 1-view digital chest radiograph will be obtained on all enrolled participants at baseline and at 
week-24 (TB treatment completion). All chest x-rays are performed by the Radiology Department 
of Zamokuhle Hospital, Jose Pearson TB Hospital or Life Mercantile Hospital or Green Acres 
Hospital. The x-rays will be classified by METHOD trial physicians according to NTRDA criteria. 
The x-ray image files will be scrubbed of personal identifiers by the data management team at 
Tembisa and then sent to UMMS for grading by blinded, trained readers according to a validated 
numerical TB severity scale 68 (see Section 6.1).  
 

11.1.6 Questionnaires:  
 
St. George’s Respiratory Questionnaire (SGRQ) 62;63 will be administered at enrollment (V01) and 
repeated at week-12 (V11) and week-24 (V13).  
 

11.1.7 Electrocardiogram:  
 
A 12-lead electrocardiogram (ECG) will be obtained at enrollment (V01) to provide a baseline and 
to identify evidence of ischemic heart disease or arrhythmia. 
 

11.1.8 Lung health assessment:  
 
The 6-minute walk test (6MWT) will be performed according to ATS standards 61 at enrollment 
(V01) and repeated at week-12 (V11) and week-24 (V13). Resting SpO2 will be measured by 
pulse oximetry at rest in the seated position immediately before starting the 6MWT repeated 
immediately after participants reach the final 6MWT distance. The 6MWT is performed to identify 
differences in exercise capacity and overall cardiopulmonary function between the two study arms 
with results expressed as the 6MWT distance. 
 
Pulse oximetry is performed to identify any difference in longitudinal trend of gas exchange 
between the two study arms. Exercise oximetry is measured at enrollment (V01) and repeated at 
week-12 (V11) and week-24 (V13) in conjunction with the 6MWT to calculate the distance-
saturation product 87. Resting pulse oximetry is performed with the physical exam done on every 
follow-up visit. 
 
Spirometry using an EasyOne Pro instrument will be performed according to ATS/ERS standards 
40 at enrollment (V01) and repeated at week12 (V11) and week-24 (V13) to identify any differences 
between study arms reflecting obstructive and/or restrictive ventilatory defects.  
 
Pulmonary function assessment will not be performed on omics control group participants.  
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11.2 Laboratory Evaluations 
 

11.2.1 Clinical Laboratory Services 
 
The Aurum Institute’s BRL Tembisa Laboratory, Ampath and National Health Laboratory Service 
will conduct all TB testing, SARS-CoV-2 testing, and other POC tests including glucometry on a 
scheduled basis and POC lactate tests as needed if participants present with signs or symptoms 
suggestive of LA. Safety laboratory tests will be performed by Cytespace Africa Laboratories 
(Cytespace Labs; https://cytespacelabs.com/ and Ampath and National Health Laboratory 
Service ). The Cytespace and Ampath are privately owned central and reference laboratories 
specializing in clinical trials in the clinical research industry. They support a wide spectrum of 
clients including research and development, biopharmaceutical, medical device and diagnostics 
customers. They have vast experience providing laboratory solutions for clinical studies. Clinical 
trial samples will be transported daily from the Tembisa CRC and Isango Lethemba TB Research 
Unit to Cytespace, Ampath and National Health Laboratory Service Laboratories.  
 

11.2.2 Clinical chemistries: 
 
Electrolytes (Na, K, Cl, CO2) are measured at screening to check exclusion criteria and repeated 
at study weeks 4, 8 and 16. Electrolytes may also be measured at any scheduled or unscheduled 
follow-up visit for participants having signs or symptoms suggestive of LA. Study drug would be 
held and further evaluations would be pursued, according to protocol, for bicarbonate <18 mmol/L. 
Electrolytes for the omics control group are measured only at the screening visit to check 
exclusion criteria. 
 
Creatinine is measured at screening to check exclusion criteria and repeated at week-8 and 
week-16 to screen for acute kidney injury during the study. Additional creatinine measurements 
would be performed on any participant who receives intravenous radiographic contrast between 
screening and week-12, corresponding to the duration of study drug treatment. The creatinine 
and anthropometric values are used to calculate the eGFR by the CKD-EPI equation, which 
provides a more accurate estimate than other commonly used estimating equations for individuals 
with normal or near-normal GFR (>60 mL/min/ 1.73 m2) 88. This equation was developed using 
pooled data from ten studies and validated against sixteen additional studies that used direct 
measurement of GFR by external filtration markers as the gold standard. It has been validated in 
African-Americans 88 and in black South Africans 89. Renal dysfunction defined as eGFR <60 
mL/min/1.73m2 is an exclusion criterion at screening. Study drug treatment will be stopped in any 
participant who develops sustained renal dysfunction after screening. This rationale for this 
exclusion is the potential for renal dysfunction to increase the risk for MALA, which was reported 
to occur only with eGFR <30 mL/min/1.73m2 in patients with type 2 DM 90;91. Creatinine is only 
measured in the omics control group at the screening visit to check exclusion criteria. 
 
Fasting blood glucose (FBG) is tested at screening visit for all participants in the interventional 
study and the omics control group to address the exclusion criterion of DM. Candidates will be 
classified as diabetic by WHO criteria (FBG ≥7.0 mmol/L) 92. Random fingerstick blood glucose 
(FSBG) is measured by POC glucometer (OneTouch Ultra, LifeScan) in metformin arm 
participants only when the study drug is started at week-1 and at all subsequent visits through the 
final AE assessment (week-16).  
 
Lactate will be measured, as needed, in participants who report symptoms compatible with LA or 
who have serum bicarbonate <18 mmol/L on any scheduled blood test. This test will be performed 

https://cytespacelabs.com/
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using a POC lactate instrument (Accutrend, Roche Diagnostics) that was validated for use in 
African HIV+ individuals 93;94. Study drug will be held for lactate >4.4 mmol/L (i.e. 2X ULN). Study 
drug may be resumed, per protocol, depending on resolution and the presence or absence of 
reversible risk factors for LA. 
 
Hepatic function panel (HFP) includes alanine transaminase (ALT) aspartate aminotransferase 
(AST), alkaline phosphatase (ALP) and total and direct bilirubin. The HFP is tested at screening 
to check exclusion criteria, repeated at week-8 to check for hepatotoxicity on ATT and again at 
week-16 as part of the AE assessment. The rationale is to exclude participants with hepatic 
dysfunction, which might increase the risk for MALA 90 although that association has been 
questioned 92. A trial testing whether metformin has a protective effect on liver fibrosis in HIV/HCV 
co-infected participants is underway 96. In another study, metformin was found to be safe for use 
by diabetic patients with hepatic cirrhosis 97. Candidates with ALT or AST >3X the ULN at 
screening will be excluded from participation. Study drug and ATT will be stopped if enrolled 
participants develop signs or symptoms compatible with drug-induced liver injury and have ALT 
or AST >3X ULN, or if they have ALT or ALT >5X ULN without symptoms.  The hepatic function 
panel is tested in both the treatment arms and omics control group. 
 

11.2.3 Hematology, Immunology and Virology 
 
Complete blood count is obtained at screening to check the exclusion criterion of moderate to 
severe anemia that might otherwise provoke symptoms suggesting LA. It is repeated at week-8 
and week-16 to monitor for hematological AEs of metformin. Complete blood count will be 
obtained for both the treatment arms and omics control group. 
 
HIV serology results will be obtained from the medical records of potential METHOD trial 
participants during screening. Only participants who are newly diagnosed with HIV will be tested 
at the relevant site to confirm the HIV status  using the Uni-Gold and Determine test strip POC 
tests. If both POC tests are positive, participants will be classified as HIV+. If there is disagreement 
between the two POC tests, then laboratory-based HIVserotesting will be performed by the 
Cystespace or Ampath. . HIV-seropositivity is an inclusion criterion for the METHOD trial.  HIV 
serology results will be obtained for both the treatment arms and omics control group. 
 
Hepatitis B surface antigen is tested at screening to check exclusion criteria intended to reduce 
risk factors for MALA in the METHOD trial cohort. This test will be obtained for both the treatment 
arms and omics control group. 
 
HIV viral load is measured at enrollment as a baseline level for comparison and repeated at 
week-16 to identify any influence of metformin on the efficacy of ART. HIV viral load will be 
obtained for the omics control group only at enrollment. 
 
CD4+ T-cell count is obtained at screening to check the exclusion criterion of <50 cells/mm3 that 
was selected to avoid enrolling unstable participants who might be at greater risk for potential 
AEs of metformin. The CD4+ T cell count is repeated at week-8 to assess potential HDT activity 
against HIV. This test will be obtained for both the treatment arms and omics control group. 
 
COVID-19 molecular testing is performed at screening on all candidates using a rapid antigen 
test.. 
 

11.2.4 Microbiology 
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Sputum for Xpert MTB/RIF or ULTRA assay for all participants at screening will be performed 
by the Aurum Institute’s BRL Tembisa Laboratory and Ampath. To increase sensitivity, only those 
participants Ct<25 will be invited for study participation. All candidates for the omics group will 
have Xpert MTB/RIF testing and those with positive results will be excluded.  
  
Sputum for Mtb culture is obtained in all participants for the treatment arms at enrollment as the 
baseline and then repeated at every follow-up visit for the treatment arms. Sputum Mtb culture 
will only be tested in the omics group if there is clinical suspicion for active TB based on chest x-
ray or symptoms despite a negative Xpert result. Liquid (MGIT) cultures are used to test the 
microbiological outcome of time to conversion and to support pharmacokinetic-pharmacodynamic 
(PK-PD) modeling. Solid culture (Lowenstein-Jensen media) is used to test the complementary 
microbiological outcome of month-2 culture status because there is a wealth of data linking this 
to the outcomes of failure and relapse 98 with no comparable data for liquid culture. All Cultures 
will be performed by the Aurum Institute’s BRL Tembisa Laboratory and Ampath. Cytespace 
Laboratories will serve as a back-up laboratory for TB testing.  
 

11.2.5 Whole blood bactericidal activity 
 
Whole blood bactericidal activity (WBA) is applicable for the treatment arms only and not the 
omics control group. WBA is a candidate biomarker for assessment of protective 
antimycobacterial immunity and chemotherapy 99. Samples for WBA will be collected at week-5 
at the Aurum Tembisa CRC site and Isango Lethemba TB Research Unit from a maximum of 
N=40 participants taking DTG, in the same time points corresponding to sparse PK sampling. 
Cultures consist of equal 300 l volumes of heparinized blood and tissue culture medium, to which 
Mtb is added. Essentially all bacilli are quickly ingested by neutrophils and monocytes. After a 4-
day incubation, bacilli are recovered, and the extent of growth or killing determined by inoculation 
into MGIT and monitoring time to positivity. Results are expressed as log change in viability, with 
positive values indicating growth. Numbers of cells (including neutrophils) and concentrations of 
drugs and other soluble antimicrobial mediators in whole blood cultures reflect those in vivo at the 
time of phlebotomy.  
 
Evidence supporting a role for measurement of WBA in TB HDT trials comes from a recent study 
of 4 HDT candidates conducted by Dr Wallis. Experimental treatments (auranofin, CC-11050, 
everolimus, and ergocalciferol) were given for the first 112 days of rifabutin-substituted standard 
therapy. WBA was measured on three study days in the trial: day 42 (during the intensive phase), 
day 84 (during the continuation phase), and day 140 (late in the continuation phase, after 
experimental treatments had ceased). Mean values for each treatment arm at 0-8 hour post-dose 
on day 84 appear in Figure 1. In the absence of TB chemotherapy, M. tuberculosis H37Rv typically 
shows 0.2 log/day growth in whole blood culture. As Figure 1 indicates, killing, rather than growth, 
is apparent throughout the dosing interval in all study arms; this may be attributable to the 45 hour 
plasma half-life of rifabutin. Maximum effects (ie, minimum values) were apparent 3-4 hours post 
dose, also consistent with rifabutin pharmacokinetics.  
 
Summary measures of mycobactericidal activity (maximal and total effects throughout the dosing 
interval) appear in Table 1. Only auranofin showed superior activity compared to control. This was 
most evident on day 84, and most evident in its maximum effect. The effect of auranofin was lost 
by day 140, 5 weeks after its discontinuation.  



M E T H O D Tri al Pr ot o c ol V er si o n 1 5 . 0                                             P r ot o c ol N u m b er: A U R 1-1 -1 9 9  
D at e:  1 9  A u g u st 2 0 2 4   
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   

3 6  
 

 
Fi g ur e 1 . M e a n w h ol e bl o o d b a ct eri ci d al a cti vit y ( W B A) b y tr e at m e nt ar m, o n d a y 8 4. T h e c ur v e f or C C -1 1 0 5 0 d o es 
n ot i n cl u d e a p ot e nti al eff e ct of t h e s e c o n d d ail y dr u g d os e.  

 
T a bl e 1 . W h ol e bl o o d b a ct eri ci d al a cti vit y ( W B A).  

 

D a y 4 2  D a y 8 4  D a y 1 4 0  

W B A  Diff er e n c e fr o m c o ntr ol  W B A  Diff er e n c e fr o m c o ntr ol  W B A  Diff er e n c e fr o m c o ntr ol  

M e a n  M e a n  9 5 % CI  P  M e a n  M e a n  9 5 % CI  P  M e a n  M e a n  9 5 % CI  P  

T ot al eff e ct p er d o s e (  l o g)  

C o ntr ol  -0. 6 2 7  0    -0. 6 1 9  0    -0. 6 4 2  0    

C C -1 1 0 5 0  -0. 6 6 9  -0. 0 4 2  -0. 1 5 3; 0. 0 6 9  0. 4 5  -0. 6 6 2  -0. 0 4 3  -0. 1 4 8; 0. 0 6 2  0. 4 1  -0. 5 7  0. 0 7 1  -0. 0 2 3; 0. 1 6 7  0. 1 3  

E v er oli m us  -0. 6 2 5  0. 0 0 2  -0. 1 1 2; 0. 1 1 5  0. 9 7  -0. 6 5 7  -0. 0 3 8  -0. 1 3 0; 0. 0 5 3  0. 4 1  -0. 6 5 7  -0. 0 1 5  -0. 1 0 8; 0. 0 7 7  0. 7 4  

A ur a n ofi n  -0. 7 0 2  -0. 0 7 5  -0. 1 8 6; 0. 0 5 3  0. 1 7  -0. 7 2  -0. 1 0 1  -0. 1 9 8; -0. 0 0 5  0. 0 3  -0. 6 2 1  0. 0 2 0  -0. 0 8 3; 0. 1 2 5  0. 6 9  

Er g o c al cif er o
l -0. 6 6  -0. 0 3 3  -0. 1 3 1; 0. 0 6 4  0. 4 9  -0. 6 3 8  -0. 0 1 9  -0. 1 2 3; 0. 0 8 5  0. 7 1  -0. 6 9 6  -0. 0 5 3  -0. 1 3 6; 0. 0 2 9  0. 1 9  

M a xi m al eff e ct (  l o g / d a y)  

C o ntr ol  -0. 7 5 4  0    -0. 7 6 6  0   -0. 7 8 7  0    

C C -1 1 0 5 0  -0. 8 2  -0. 0 6 5  -0. 1 7 2; 0. 0 4 2  0. 2 2  -0. 8 1 7  -0. 0 5 0  -0. 1 5 8; 0. 0 5 7  0. 3 5  -0. 7 5 8  0. 0 2 9  -0. 7 1; 0. 1 3 1  0. 5 6  

E v er oli m us  -0. 8 1 5  -0. 0 6 0  -0. 1 6 8; 0. 0 4 8  0. 2 6  -0. 8 3 6  -0. 0 7 0  -0. 1 5 3; 0. 0 1 2  0. 0 9  -0. 8 2 8  -0. 0 4 1  -0. 1 4 4; 0. 0 6 2  0. 4 3  

A ur a n ofi n  -0. 8 9 1  -0. 1 3 6  -0. 2 5 6; -0. 1 7  0. 0 2  -0. 8 9 5  -0. 1 2 9  -0. 2 2 3; -0. 0 3 4  < 0. 0 1  -0. 7 8 9  -0. 0 0 1  -0. 1 0 8; 0. 1 0 7  0. 9 0  

Er g o c al cif er o
l -0. 8 1 6  -0. 0 6 1  -0. 1 6 7; 0. 0 4 5  0. 2 5  -0. 8 0 4  -0. 0 3 7  -0. 1 5 1; 0. 0 7 6  0. 5  -0. 8 5 7  -0. 0 6 9  -0. 1 5 6; 0. 0 1 8  0. 1 2  

* N e g ati v e v al u es i n di c at e killi n g. V al u es f or C C -1 1 0 5 0 m a y u n d er esti m at e eff e cts a s t h e p eri o d of s a m pli n g ( 0 -8 
hrs) di d n ot i n cl u d e t h e s e c o n d d o s e.  

 
1 1. 2. 6  P h ar m a c o ki n eti c s  

 
P h ar m a c o ki n eti c s i s a p pli c a bl e f or t h e tr e at m e nt ar m s o nl y a n d  n ot t h e o mi c s c o ntr ol gr o u p.  
I nt e n si v e a n d s p ar s e s a m pli n g f or P K-P D a n al y si s of m etf or mi n t o xi cit y a n d effi c a c y  i s 
p erf or m e d at w e e k -5 . P arti ci p a nt s e nr oll e d at t h e  A ur u m  T e m bi s a C R C  i n t h e tr e at m e nt ar m s 
w h o c o n s e nt t o t h e a d diti o n al i nt e n si v e P K-P D t e sti n g a n d w h o ar e tr e at e d wit h D T G will b e 
a s s a y e d at 0, 1, 2, 4, 6, 8, 1 0 a n d  f or m etf or mi n ( m etf or mi n  ar m o nl y, n = 1 0), i s o ni a zi d ( b ot h 
ar m s, n = 2 0) rif a m pi ci n ( b ot h ar m s , n = 2 0), a n d p yr a zi n a mi d e ( b ot h ar m s, n =2 0) at t h e A ur u m 
Pr et ori a C R C . P o p ul ati o n P K m o d el s will b e u s e d t o d e s cri b e t h e e x p o s ur e of m etf or mi n a n d t h e 

h o ur s

0 6 1 2 1 8 2 4

W
B

A 
(

D
l
o
g/

d
ay

)

- 0. 8

- 0. 7

- 0. 6

C o ntr ol        
A ur a n ofi n
C C- 1 1 0 5 0
E v er oli m u s
Er g o c al cif er ol



METHOD Trial Protocol Version 15.0                                             Protocol Number: AUR1-1-199 
Date:  19 August 2024  
______________________________________________________________________________________  

37 
 

first-line ATT agents. The concentration-time data will be interpreted using nonlinear mixed-
effects modelling with NONMEM 7.3 software. 
 

11.2.7 Research Samples 
 
Phlebotomy for research samples is performed at enrollment, week-8 and week-24 on the 
interventional arm participants and they will be performed at the Aurum Tembisa CRC site only. 
A single phlebotomy for research samples is performed at enrollment on the control participants. 
PBMC, plasma, serum, RNA and DNA will be isolated from blood samples and stored on site at 
the Aurum Tembisa CRC. Samples may be stored for up to 5 years for future cytometry, 
proteomic and transcriptomic studies as determined by results from the initially evaluated 
samples and by available funding. 
 

11.2.8 Specimen Preparation, Handling and Shipping 
 
Specimens that require preparative handling and labeling for storage at the Aurum Tembisa CRC 
only (aliquots of plasma, frozen PMBC, RNA storage tubes) will be processed in the research 
laboratory on site by a Laboratory Technician. 
 
Specimens for clinical laboratory tests will be collected at the Aurum Tembisa CRC and Isango 
Lethemba TB Research Unit by drivers employed by Cytespace, NHLS and Ampath. 
 
Specimens for the research laboratory at SIgN will be prepared and shipped as specified in 
Aurum’s SOP for Specimen Shipping Instructions.  
 

11.2.9 Biohazard Containment 
 
Transmission of HIV and other bloodborne pathogens can occur through contact with 
contaminated needles, blood, and blood products. Respiratory pathogens such Mtb are 
transmitted by inhalation. Appropriate blood, secretion, and respiratory precautions will be 
employed by all personnel in the collection of clinical samples and the shipping and handling of 
all clinical samples and isolates for this study, as currently recommended by the Centers for 
Disease Control and Prevention in the United States, the WHO internationally and the National 
Institutes of Health. 
 
All protocol specimens will be shipped using packaging that meets requirements specified by the 
International Air Transport Association Dangerous Goods Regulations for UN 3373, Biological 
Substance, Category B, and Packing Instruction 650. Culture isolates will be shipped as specified 
for UN 2814 Category A Infectious Substances. 
 

11.2.10 Total Blood Volume 
 
Blood is collected in NaF, EDTA, SST and heparinized tubes. Some clinical laboratory tests can 
be performed on a single blood tube (e.g., serum electrolytes, creatinine, and hepatic function 
panel from a single 2.5 mL SST tube). CBC and CD4 count require 2 mL each. HBsAg requires 
5 mL. Samples for PK-PD are 2 mL at each time point with an additional 2 mL sample at three of 
those time points for whole blood bactericidal assay (WBA). Research lab tests require 20 mL for 
flow cytometry, 5 mL for RNA and 4 mL for plasma (total 29 mL). The volume of blood drawn at 
each visit is noted in Appendix B, Table 1 (Schedule of Procedures/Investigations) and in Sections 
12.3.2.-11.3.4 below. The maximum volume of blood collected at any single visit is 38.5 mL, which 
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conforms to local EC guidelines for good clinical practices (GCP) in the conduct of research 
involving adult participants.                                                         
 

11.3 Schedule of Procedures/Evaluations: Timing and Definitions 
 
The schedule of visits and evaluations is presented in Appendix B, Table 1.  
 

11.3.1 Screening 
 
The following screening evaluations performed the initial visit (V00) will determine whether 
candidates are eligible for enrollment in the METHOD trial. Candidates will be screened in person 
at the Tembisa CRC and Isango Lethemba TB Research Unit within a maximum of 14 days of 
identification through recruiting channels. The procedures that will be conducted during the 
screening visit is as follows:  

1. Registration for the visit.  
2. Administer informed consent forms. 
3. Study ID assignment  
4. POC HIV test for participants who are newly diagnosed with HIV and not on ART 
5. Sputum Xpert MTB/RIF test. 
6. Urine hCG for women of childbearing age.  
7. Interview for screening evaluation including assessment of medical history and 

behavioral inclusion/exclusion criteria recorded by CRF. 
8. Physical exam, recording height and weight for BMI determination.  
9. Phlebotomy for screening labs listed in Appendix B, Table 1.  
10. Chest x-ray. 
11. SARS-CoV-2 molecular test. 
12.  Assess eligibility 

 
Decision points for exclusion during the screening visit include steps 2 and 4 through 11 according 
to criteria listed Section 9.1. Candidates passing steps 2 and 4 through 7 will undergo phlebotomy 
for screening laboratory evaluations, chest x-ray, and SARS-CoV-2 testing. Qualifying candidates 
will be given an appointment for an enrollment visit within 48-72 hours. Candidates who decline 
participation in screening or who are excluded at the screening visit prior to phlebotomy 
(behavioral and medical history, weight) will receive counselling and referral to appropriate 
medical providers for management of TB and HIV. 
 
All candidates will be screened for COVID-19 symptoms, contact history and recent activities with 
increased risk for exposure at step 6. Candidates that present with a confirmed COVID-19 
diagnosis are ineligible for participation. Those endorsing symptoms leading to a high suspicion 
of COVID-19 will be excluded from further screening or participation but will be offered a 
confirmatory molecular test. Since the symptoms of TB and COVID-19 may overlap, suspicion of 
TB/COVID-19 co-infection will be based on rapid onset of new symptoms and/or sudden 
worsening of prior systems, close contact with someone known to have COVID-19, participation 
in group gatherings with more than 10 individuals (funerals, conferences, sporting event etc.), 
and/or have been to an area with high rates of COVID-19.  
 
The total blood volume taken at screening is 15.5 mL. 
 
 
 



METHOD Trial Protocol Version 15.0                                             Protocol Number: AUR1-1-199 
Date:  19 August 2024  
______________________________________________________________________________________  

39 
 

11.3.2 Enrollment 
 
The following enrollment evaluations will be performed on V01 at the Tembisa CRC and Isango 
Lethemba TB Research Unit in this stepwise order:  

1. Review of screening labs. (Treatment arms and omics control group) 
2. Randomization.  
3. ECG. (Treatment arms) 
4. Weight, vital signs, and physical exam. (Treatment arms and omics control group) 
5. Interview for enrollment CRF completion.  (Treatment arms and omics control group) 
6. Phlebotomy for viral load and research labs. (Treatment arms and omics control group) 
7. Sputum culture (liquid and solid media). (Treatment arms and omics control group) 
8. SGRQ. (Treatment arms only) 
9. Spirometry. (Treatment arms only) 
10. 6MWT with oximetry. (Treatment arms only) 
11. Start ATT after counselling for use and symptoms of potential AEs associated RHZE (or 

continue ATT if it was initiated prior to V01). (Treatment arms only) 
12. Continue ART if started prior to screening (V00). (Treatment arms only) 

 
Candidates may be excluded prior to randomization at step 1 listed above, based on screening 
laboratory results (Section 10.1.2) or if they report the initiation of ATT >14 days prior to V01. The 
enrollment CRF will collect detailed demographics, behavioral and medical history and current 
medications not captured at screening. Viral load, research labs, chest-ray, SGRQ and 6MWT 
with oximetry are performed to produce baseline values for comparison to later time points.  
 
The total blood volume for enrollment studies is 32.0 mL. 
 

11.3.3 HIV Counselling and Testing 
 
. 
All participants enrolled into the METHOD study will receive  HIV counselling. Newly diagnosed 
participants who have not been initiated on ART should receive HIV counselling and testing at 
the screening visit. Participants who are already on ART should be counseled on adherence to 
ART.  
  
 

11.3.4 Follow-Up 
 
Follow-up evaluations will be obtained for the treatment arms in the order indicated below. 
Individuals in the omics control group end study participation when all evaluations listed in 11.3.2 
are completed. Staff will follow-up with omics control group participants, as needed, to assess the 
need for any referrals based on blood, sputum, or chest x-ray results. 
 
Visits that are one week apart (V02-09) will have a window of ±2 days. Visits that are two weeks 
apart (V10-12) will have a window of ±4 days. Visits that are one month apart (V11-12) will have 
a window of ±7 days and visits that are two months apart (V13 and telephone follow-up at week 
36) will have a window of ±14 days. 
 
The initial administration of the study agent for the metformin arm occurs on V02. The conditions 
for metformin to be started are the absence of all exclusion criteria based on medical history and 
screening lab test results. At all visits, follow-up CRFs include questions about interval medical 
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history, compliance with medications and review of systems, and questions focused on potential 
minor and major adverse events. The procedures and evaluations for the treatment arms of the 
study are as follows, where metformin use applies only that one arm with the other arm receiving 
standard ATT without metformin: 
 
Week 1 (V02):  

1. Follow-up CRF. 
2. Weight, vital signs, oximetry, and physical exam. 
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5. Start metformin 500 mg, 1 tablet daily after counselling for proper use and symptoms 

of potential AEs. 
6. Continue ATT (and ART if begun prior to this visit). 

 
Venipuncture is not performed at V02. 
 
Week 2 (V03):  

1. Follow-up CRF. 
2. Weight, vital signs, oximetry, and physical exam. 
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5. Increase metformin to 500 mg twice daily. 
6. Continue ATT (and ART if begun prior to this visit). On this and any subsequent visits, 

participants may undergo additional evaluation for signs or symptoms of potential AEs. 
These evaluations would include a comprehensive physical exam and additional blood 
tests (venous pH, lactate, CBC).  

 
Venipuncture is not performed at V03. 
 
Week 3 (V04):  

1. Follow-up CRF.  
2. Weight, vital signs, oximetry, and physical exam.  
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5. Continue metformin 500 mg twice daily.  
6. Continue ATT (and ART if begun prior to this visit). 

 
Venipuncture is not performed at V04. 
 
Week 4 (V05):  

1. Follow-up CRF.  
2. Weight, vital signs, oximetry, and physical exam.  
3. FSBG (metformin arm only). 
4. Phlebotomy for chemistries (electrolytes, creatinine, hepatic function panel). 
5. Sputum culture (liquid media). 
6. Urine hCG for women of childbearing age.  
7. Continue metformin 500 mg twice daily.  
8. Continue ATT (and ART if begun prior to this visit). 

 
The blood volume for V05 is 2.5 mL. 
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Week 5 (V06):  
1. Follow-up CRF. 
2. Weight, vital signs, oximetry, and physical exam. 
3. FSBG (metformin arm only). 
4. Phlebotomy for PK-PD and WBA studies. Twenty consenting participants will be 

transferred to the Pretoria CRC for intensive PK sampling with collection at 0, 1, 2, 4, 6, 
8 and 10 hours. Sparse PK sampling will be conducted on the maximum of 92 
participants for PK-PD (0, 2 and 6 hours). The maximum of forty consenting participants 
in the sparse sampling group will have an additional 2.0 mL of blood collected for WBA 
at the same three time points (0, 2 and 6 hours). 

5. Sputum culture. 
6. Continue metformin 500 mg twice daily. 
7. Continue ATT (and ART if begun prior to enrollment).  

 
The total blood volume for V06 is 14.0 mL for the intensive PK sampling subgroup, 6.0 mL for the 
sparse sampling subgroup and 12.0 mL for the sparse sampling plus WBA subgroup. 
 
Week 6 (V07):  

1. Follow-up CRF. 
2. Weight, vital signs, oximetry, and physical exam. 
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5.  
6. Continue metformin 500 mg twice daily. 
7. Continue ATT (and ART if begun prior to this visit). 

 
Venipuncture is not performed at V07. 
 
Week 7 (V08):  

1. Follow-up CRF.  
2. Weight, vital signs, oximetry, and physical exam.  
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5. Continue metformin 500 mg twice daily.  
6. Continue ATT (and ART if begun prior to this visit). 

 
Venipuncture is not performed at V08. 
 
Week 8 (V09):  

1. Follow-up CRF. 
2. Weight, vital signs, oximetry, and physical exam. 
3. FSBG (metformin arm only). 
4. Phlebotomy for chemistries (electrolytes, creatinine, hepatic function panel), CBC, CD4+ 

T cells and research samples.  
5. Urine hCG for women of childbearing age.  
6. Sputum culture (liquid and solid media). 
7. Continue metformin (one arm only), ATT and ART (start ART no later than this visit on 

all participants).  
 
The total blood volume for V09 is 35.5 mL. 
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Week 10 (V10):  
1. Follow-up CRF.  
2. Weight, vital signs, oximetry, and physical exam.  
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5. Continue metformin (one arm only), ATT and ART. 

 
Venipuncture is not performed at V10. 
 
Week 12 (V11):  

1. Follow-up CRF. 
2. Weight, vital signs, oximetry, oximetry, and physical exam. 
3. FSBG (metformin arm only). 
4. Sputum culture (liquid media). 
5. Urine hCG for women of childbearing age.  
6. SGRQ, 6MWT with oximetry, spirometry. 
7. Stop metformin. 
8. Continue ATT and ART.  

 
Venipuncture is not performed at V11. 
 
Week 16 (V12):  

1. Follow-up and AE Assessment CRFs.  
2. Weight, vital signs, oximetry, and physical exam.  
3. FSBG (metformin arm only). 
4. Phlebotomy for chemistries, CBC. 
5. Phlebotomy for viral load only on all participants. 
6. Sputum culture (liquid media). 
7. Urine hCG for women of childbearing age.  
8. Continue ATT and ART. 

 
The total blood volume for V12  is 7.5 mL 
 

11.3.5  Early Termination Visit 
 
Participants in the treatment arms and omics control group may withdraw study participation 
voluntarily at any time and/or they may be withdrawn involuntarily based on exclusions that are 
detected or newly develop after enrollment (e.g., negative baseline sputum culture or pregnancy).  
For the treatment arms, when possible, and with agreement by the participant, an early withdrawal 
visit will be arranged to complete any final evaluations as indicated depending on the study time 
point and to document the participant’s early withdrawal from study follow-up. These evaluations 
will include interim medical history, targeted physical examination, and oximetry. The FSBG will 
be checked unless study participation is terminated before V02 or after V11. Other evaluations 
including creatinine, hepatic function tests, viral load or CD4+ T cells and research samples may 
be collected, depending on when termination occurs in relation to the scheduled evaluations 
(Study Schema, Appendix A; and Appendix B, Table 1). Lung health assessment (spirometry, 
6MWT, SGRQ) will be performed if not done as a scheduled event within 2 weeks.  
 
If participants miss a scheduled appointment, three attempts are made to contact them before 
that visit is declared as missed visit (Section 9.3). Participants will be withdrawn if they miss three 
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consecutive visits with documentation of three attempts to contact them for each of those missed 
visits. 
 
If participation is terminated due to AEs, willing participants will be followed at scheduled 
intervals until the condition as resolved or becomes stable.  
 

11.3.6 Pregnancy  
 
Pregnancy at screening is an exclusion criterion for participation in both the treatment arms and 
the omics control group. This will be determined in women of childbearing age by urine hCG test 
at screening.   
 
In the treatment arms, pregnancy poses an increased risk for and severity of MALA that would 
threaten the lives of the mother and the fetus 110. Moreover, metformin might cause loss of appetite 
and weight loss in pregnant females that could adversely affect fetal development. In the omics 
control group, pregnancy would profoundly alter numerous transcriptomic and proteomic 
variables that would hamper analysis.  
 
Metformin may also pose reproductive risks. A recent study used the Denmark national health 
registry to examine pregnancy outcomes associated with diabetes mellitus over a 20-year period 
(Wensink MJ, Ann Int Med 2022). Maternal diabetes was excluded to focus on effects of diabetes 
treatment on the male reproductive system. The main study finding was that the adjusted risks of 
an offspring birth defect for insulin, metformin, and sulfonylurea use, respectively, were 0.92 
(95%CI=0.77–1.08), 1.40 (1.02–1.91), and 1.33 (0.83–2.12) relative to untreated diabetics. More 
specifically, metformin use during the period of spermatogenesis (within 3 months prior to 
conception) was associated with approximately a 3-fold increased risk of testicular non-descent 
or hypospadias. There was no excess risk if metformin exposure occurred outside the 3-month 
window. The authors acknowledge uncertainties regarding these findings, particularly regarding 
the numerically similar odds ratio due to sulfonylurea exposure. The small number of subjects in 
this group (less than half that of metformin) may explain its wide confidence interval; if so, some 
other biologic mechanism, involving glycemic control, may be invoked to explain similar findings 
for two different drug classes. This may increase uncertainty regarding the applicability of the 
findings to the men enrolled in this study, in whom diabetes is excluded. Nonetheless, to mitigate 
this potential risk, this study will extend the provision of effective contraceptive methods 
(described below) to female sexual partners of male study participants.  
 
Pregnancy at screening is an exclusion criterion at enrollment and would prompt early termination 
from the METHOD trial if it is detected after enrollment and before week-16 (V13), which spans 
the period of study drug exposure plus 4 weeks after study drug is stopped. Use of contraception 
is a requirement for enrollment for women of childbearing potential. Women are considered post-
menopausal or not of reproductive potential if they have not menstruated for at least 12 
consecutive months (in the absence of medication known to induce amenorrhea) and have a 
documented follicle-stimulating hormone (FSH) level greater than 40 mIU/mL or a result in the 
testing laboratory’s menopausal range. If an FSH level is not available, then women are 
considered not of reproductive potential if they have had 24 consecutive months of amenorrhea 
(in the absence of medications known to induce amenorrhea). For women of childbearing 
potential, the acceptable forms of contraception for the duration of study participation are: 
 
Male or female condoms or diaphragms or cervical cap; PLUS one of the following methods: 

• subdermal implant 
• intrauterine device or intrauterine system 
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• combined estrogen and progesterone oral contraceptive 
• injectable progesterone 
• contraceptive vaginal ring 
• percutaneous contraceptive patch 

 
Contraception is not required if a woman: 

• has reached menopause, with no menstrual period for one plus FSH level in the testing 
laboratory’s menopausal range, OR no menstrual period for two years 

• is documented to have had a hysterectomy 
• is documented to have had bilateral oophorectomy  
• is documented to have had tubal ligation  

 
Adherence will be assessed, and counselling reinforced on every follow-up visit. Women of 
childbearing age who are not using intrauterine devices (IUDs) OR any other form of effective 
hormonal contraceptives prior to screening will be offered IUD placement at no cost. The use of 
IUDs is based on the need for immediately effective contraception since the interval between 
screening and first exposure to study drug will be no longer than 2 weeks. Women who choose 
the IUD method of contraception will be offered the option for removal of the device at completion 
or withdrawal from the study at no cost. Those who wish to continue using the IUD after the study 
will be referred to appropriate medical providers for long term follow-up.  
 
Pregnancy tests will be done at screening, week 4, week 8, week 12, week 16 and week 24 in 
the study.  If pregnancy is detected at any time point, it will be recorded and reported to the 
Regulatory Authorities in a pregnancy notification form. The participant will be followed to 
parturition to determine whether congenital anomalies are present. The package insert for 
metformin indicates that the drug was not teratogenic in rats or rabbits at doses up to 600 
mg/kg/day, corresponding to an exposure of 2 and 6 times the maximum recommended human 
daily dose of 2550 mg based on body surface area comparisons of rats and rabbits, respectively. 
The placental barrier prevents transfer of metformin to the fetus and metformin was reported to 
be effective and safe for mother and fetus in gestational diabetes management trials 111. Because 
animal reproduction studies are not reliably predictive of human responses, the metformin 
package insert states that the drug should not routinely be used in pregnancy.  
 
If a METHOD trial participant becomes pregnant, the study drug will be permanently discontinued 
but the participant will remain on study but off intervention. The occurrence of pregnancy will be 
reported to the registry and the participant will be followed for pregnancy outcomes. 
 

11.3.7 Other Visits 
 
Unscheduled visits can be initiated by either patient or provider and will be recorded on the 
Unscheduled Visit CRF. Participants will be counseled to contact the Aurum Tembisa CRC and 
Isango Lethemba TB Research Unit and return for unscheduled visits to assess any symptoms 
that could reflect AEs or if there is any change in medical condition or concomitant medications 
that could impact safety and continued participation in the trial. If symptoms of LA develop, 
participants will be instructed to report to the Zamokhule Hospital for the Aurum Tembisa CRC 
and participants will be instructed to report to the Livingstone Hospital or Netcare Greenacres 
hospital for the Isango Lethemba TB Research Unit site where they will be managed accordingly. 
Information from such visits will be recorded and promptly reported.  
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11.3.8 Final Scheduled Follow-up Clinic Visit  
 
Week 24 (V13):  

1. Follow-up CRF and Final Study Assessment CRF. 
1. Weight, vital signs, and physical exam. 
2. Phlebotomy for research samples. 
3. Urine hCG for women of childbearing age.  
4. Sputum culture (liquid culture). 
5. SGRQ, 6MWT with oximetry, spirometry. 
6. Chest x-ray. 
7. Stop ATT. 
8. Continue ART.  

 
The total blood volume for V13 is 29.0 mL. 
 
The combined total blood volume for all encounters over 6 months from screening through study 
completion is 136.0 mL for the twenty participants in the intensive PK sampling group, 134.0 mL 
for a  maximum of forty participants in the sparse sampling plus WBA group, and 128.0 mL for a  
maximum of fifty-two participants who will have sparse PK sampling only.  
 

11.3.9 Final AE Assessment 
 
Week 36 (Telephone Follow-up): 

1. Verbal AE assessment by CRF-guided phone contact. 
 
Medical staff may request that participants return to the clinic for physical exam and laboratory 
or other evaluations based on participant responses to the telephone AE assessment. 
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12 ASSESSMENT OF SAFETY 
  

12.1 Safety Assessment Overview   
 
Risks relevant to the intervention and omics control groups include adverse reactions to 
phlebotomy and the radiation exposure from a single 1-view chest x-ray. 
The intervention group will be taking metformin, which is the most widely prescribed drug used to 
treat DM worldwide and it has an excellent record of safety. Nonetheless, metformin carries a 
black box warning about LA, which is associated with mortality approaching 50% 112. The black 
box warning in the FDA-approved metformin package insert states (in part): “Post marketing 
cases of metformin-associated lactic acidosis have resulted in death, hypothermia, hypotension, 
and resistant bradyarrhythmia. Symptoms included malaise, myalgias, respiratory distress, 
somnolence, and abdominal pain. Laboratory abnormalities included elevated blood lactate 
levels, anion gap acidosis, increased lactate/pyruvate ratio, and metformin plasma levels 
generally >5 mcg /mL.”  
 
Despite this warning, the strength and even the existence of this association has been questioned. 
Some authorities hold that LA occurring in diabetic patients taking metformin is attributable to 
other factors commonly associated with diabetes (sepsis, dehydration, renal failure) 112. A 
Cochrane review of 347 comparative trials and cohort studies with a combined 70,490 patient-
years of metformin exposure identified no cases of fatal or non-fatal LA 72. Metformin exposure in 
the METHOD trial will total 11.8 patient-years.    
 
The theoretical basis for MALA is from mitochondrial toxicity, which raises further concern that 
combined treatment with metformin and nucleoside reverse transcriptase inhibitors (NRTIs) with 
mitochondrial toxicity could compound the risk. While most previous clinical trials of metformin in 
HIV did not report instances of MALA, a trial of metformin combined with ART conducted in 
Botswana between 2002 and 2007 identified risk factors for the development of LA and 
symptomatic hyperlactatemia 113. In that study, participants received various combinations of 
zidovudine, lamuvidine, didanosine, stavudine, nelfinavir, nevirapine or efavirenz. The major 
identified contributor to LA risk was stavudine that has been replaced by TDF, which has less 
toxicity. A finite risk for LA in METHOD trial participants certainly exists given case reports of LA 
occurring with TDF alone or combined with metformin 114-116. Lactic acidosis was also reported 
with concurrent use of DTG plus metformin 117. All of the individuals described in these case 
reports had other risk factors for LA (diabetes, sepsis) that will be absent from the METHOD 
cohort. We recognize that many individuals in the community with TB/HIV coinfection have risk 
factors for MALA but might benefit from metformin. In the absence of evidence that may be 
produced by the METHOD trial, the risk vs benefit for such individuals is unknown. If METHOD 
trial results support the safety of metformin given concurrently with ATT and ART, and if there is 
a signal of efficacy, then less stringent exclusions might be justified in a future phase 3 trial.   
 
Based on available evidence, scheduled laboratory screening for LA would not contribute the 
safety of participants in the METHOD trial. Our approach to maximize safety is based on 
comprehensive counselling about the symptoms of LA and a plan of action if they occur. We will 
screen for conditions that have been identified as risk factors for MALA and exclude candidates 
with hepatic or renal dysfunction and those actively infected with HBV. Diabetic patients with those 
comorbidities are routinely treated with metformin in clinical practice but we believe our exclusion 
criteria are prudent given the SAE potential associated with metformin. Counselling will be 
reinforced at every study visit and participants will be advised to suspend the study drug if they 
develop sepsis, hypotension, renal failure, DM or undergo a radiological test with IV iodinated 
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contrast material. The study drug will be resumed in cases where these risk factors are transient 
and resolve but would be discontinued for non-resolving risks such as DM or chronic renal 
insufficiency. 
 
Hypoglycemia is another potential SAE of metformin for participants in the METHOD trial, all of 
whom will be non-diabetic. The mechanism(s) of action for metformin are complex and unlike 
other classes of oral antidiabetic drugs. It reduces hepatic glucose production, opposes glucagon, 
decreases intestinal absorption of glucose, inhibits fatty acid synthesis, enhances beta-oxidation 
and it improves insulin sensitivity by increasing peripheral glucose uptake and utilization. 
Metformin does not provoke hypoglycemia in patients with type 2 DM unless there is concurrent 
use of other classes of anti-diabetic drugs. Metformin generally does not cause hypoglycaemia in 
normoglycemic individuals, except in special circumstances that could be present in some 
METHOD trial participants. Cho et al. 118 reported that rifampicin enhanced the glucose-lowering 
effect of metformin in non-diabetic individuals evaluated by oral glucose tolerance test. The 
proposed mechanism of this effect is increased hepatic expression of OCT1, resulting in 
increased metformin delivery to the liver. Importantly, the combination of rifampicin plus metformin 
did not reduce baseline blood glucose values or cause hypoglycemia in that study and rifampicin 
exerts a countervailing effect by boosting intestinal glucose absorption 119. Metformin-associated 
hypoglycemia can occur in when caloric intake is insufficient to meet the energy needs of 
strenuous physical exertion. We will minimize this risk in METHOD trial by excluding candidates 
with a history of DM, by counselling at enrollment and follow-up visits regarding the need to 
maintain adequate caloric intake, particularly with physical exertion, and counselling regarding 
the symptoms of hypoglycaemia and the actions to take if these symptoms occur.  
 
Adverse effects expected to occur in >5% of METHOD trial participants are shown in Table 2. 
Gastrointestinal symptoms are expected to be the most commonly reported AE associated with 
metformin in METHOD trial participants. While typically mild and transient, GI toxicity is potentially 
the greatest barrier to the adoption of metformin as HDT for TB. Symptoms including nausea, 
vomiting, and/or diarrhoea typically occur during treatment initiation and in most cases improve 
spontaneously despite continued treatment and dose escalation. Persistent symptoms could 
result in dehydration, weight loss, and/or reduced adherence to treatment with the study drugs, 
ATT and/or ART. It is possible that GI toxicity could necessitate discontinuation of study drug in 
over 5% of METHOD trial participants. Gastrointestinal symptoms developing for the first time 
after an initial period of tolerated dosing would most likely be unrelated to metformin except if LA 
ensues. To minimize GI symptoms, participants will receive a starting dose of 500 mg 56.  
 
Table 2. Adverse effects occurring in >5% of participants in a controlled trial of metformin 
monotherapy (up to 2,250 mg daily) vs placebo. 

Symptom Metformin (N=141) Placebo (N=145) 
Diarrhoea 53.2% 11.7% 
Nausea/Vomiting 25.5% 8.3% 
Flatulence 12.1% 5.5% 
Asthenia 9.2% 5.5% 
Indigestion 7.1% 4.1% 
Abdominal discomfort 6.4% 4.8% 
Headache 5.7% 4.8% 

Source: Glucophage (metformin) package insert. 
 
The following adverse reactions were reported in ≥1.0% to ≤5.0% of diabetic patients more 
commonly with metformin than placebo: abnormal stools, hypoglycemia, myalgia, lightheaded, 
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dyspnea, nail disorder, rash, increased sweating, taste disorder, chest discomfort, chills, flu 
syndrome, flushing and palpitation. 
Adverse reactions rarely reported to occur in patients taking metformin include LA (discussed 
above), hypoglycemia (in the absence of any other anti-diabetic drugs), hepatic dysfunction, 
vitamin B12 insufficiency, anemia, peripheral neuropathy and drug allergy (manifesting as 
leukocytoclastic vasculitis or psoriasiform drug eruption). 
 

12.2 Adverse Event Procedures and Reporting Requirements 
 

12.2.1 General Considerations  
 
Adverse events (AEs) of any severity are highly unlikely for omics control group participants but 
would be assessed and handled in a manner similar to that used for participants in the 
interventional arms. 
 
International Conference on Harmonization (ICH) E6 defines an AE as any untoward medical 
occurrence in a clinical investigation participant administered a pharmaceutical product 
regardless of its causal relationship to the study drug. An AE can therefore be any unfavorable 
and unintended sign (including an abnormal laboratory finding), symptom, or disease temporally 
associated with the use of the investigational product. The occurrence of an AE may come to the 
attention of METHOD trial personnel during follow-up visits and interviews with study participants 
using structure questionnaires or upon review by a study monitor, or in an unsolicited manner as 
reported by a participant outside of a scheduled visit. If the primary care team suspects an adverse 
event between study visits, this will trigger an unscheduled study visit to assess the potential AE.   
 
All AEs will be captured on the Adverse Event CRF (AE001). Information to be collected includes 
event description, time of onset, clinician’s assessment of severity, relationship to study product 
(assessed by a METHOD trial study clinician), and time of resolution/stabilization of the event. All 
AEs occurring while on study must be documented appropriately regardless of relationship. All 
AEs will be followed to stability.  
 
Any medical condition that is present at the time that the participant is screened and enrolled will 
be considered as baseline and not reported as an AE. However, deterioration of a preexisting 
medical condition during the study will be recorded as an AE. 
 
All AEs will be graded for severity and relationship to study product.  
 
A serious adverse event (SAE) is defined as meeting one of the following conditions:  

1. Death during the period of protocol defined surveillance.  
2. Life threatening event (defined as a participant at immediate risk of death at the time of 

the event).  
3. An event requiring inpatient hospitalization or prolongation of existing hospitalization 

during the period of protocol defined surveillance.  
4. Results in congenital anomaly or birth defect.  
5. Results in a persistent or significant incapacity or substantial disruption of the ability to 

conduct normal life functions.  
 
Any other important medical event that may not result in death, be life threatening, or require 
hospitalization, may be considered a serious adverse experience when, based upon appropriate 
medical judgment, the event may jeopardize the participant and may require medical or surgical 
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intervention to prevent one of the outcomes listed above. Examples of such medical events 
include allergic bronchospasm requiring intensive treatment in an emergency room or at home, 
blood dyscrasias or convulsions that do not result in inpatient hospitalization, or the development 
of drug dependency or drug abuse.  
All SAEs will be:  

1. Recorded in a timely and proper manner and reported to the relevant entities.  
2. Followed through resolution or stabilization by a study clinician  
3. Reviewed and evaluated by a study clinician 

 
The METHOD trial will use the Division of AIDS (DAIDS) Table for Grading the Severity of Adult 
and Pediatric Adverse Events, Version 2.1, July 2017 (Appendix D). Any events that are not listed 
in this toxicity table will be graded by the local PI as shown in Table 3. 
 
Table 3. Grading of adverse events 
Grade Severity Characteristics 
1 Mild Asymptomatic or mild symptoms; clinical or diagnostic 

observations only; intervention not indicated 
2 Moderate/Minimal Local or noninvasive intervention indicated; limits age-

appropriate instrumental activities of daily living (ADL) 
3 Severe Medically significant but not immediately life-threatening; 

hospitalization or prolongation of hospitalization indicated; 
disabling; limits self-care ADL 

4 Life-threatening Urgent intervention indicated 
5 Death Related to AE 

 
12.2.2 Expedited Reporting of Adverse Events Using the DAIDS Adverse 

Experience Reporting System (DAERS)  
 
Because DAIDS will not be holding the IND for this study, DAERS will not be used.  
 

12.2.3 Reporting Requirements for the METHOD Trial  
 
The SAE Reporting Category, as defined in the DAIDS EAE Manual, will be used for this study. 
The study agent for which expedited reporting is required is metformin. In addition to the SAE 
Reporting Category identified above, other AEs that must be reported in an expedited manner 
include multi-organ system failure, renal failure and all hepatic failures.  
 
The METHOD trial will report AEs to WHREC and SAHPRA as specified in SOP-IEC-005v6, 
Adverse Events Processing (Appendix E) and in the SAHPRA document Reporting Adverse Drug 
Reactions in South Africa version 1_2 (Appendix F), respectively. All suspected unexpected 
serious adverse reactions (SUSARs) will be reported to the DAIDS MO within 5 days of being 
reported to the site and quarterly cumulative SAEs will be sent to the DAIDS MO. 
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13 CLINICAL MANAGEMENT 
 

13.1 Clinical Management of Adverse Events  
 
We do not expect to encounter any AEs during the screening or enrollment visits for omics control 
group participants. Phlebotomy might be complicated by bleeding, hematoma formation or 
vasovagal syncope. Bleeding will be controlled with direct pressure until it stops, and the 
venipuncture site will be dressed. Risk of hematoma formation will be minimized by attention to 
proper phlebotomy technique and the prompt application of local pressure to prevent visible 
bleeding and hematoma expansion. Risks related to syncope, particularly falls, will be minimized 
by proper positioning and by close observation throughout the procedure. If syncope occurs, 
participants will be placed in the Trendelenburg position for recovery with monitoring of vital signs 
at least every 5 minutes until stable. Intravenous fluid resuscitation may be used based on the 
judgement of clinic medical staff. The range of other possible acute conditions that might arise 
during the screening or enrollment visits is too large to list additional management measures, but 
qualified medical staff are present on site at all times. Omics control group participants who 
experience any AE will be monitored in the clinic until stable or transported to hospital if indicated.   
For the intervention group, unanticipated and anticipated toxicities will be graded according to the 
Division of AIDS Table for Grading the Severity of Adult and Pediatric Adverse Events. 
 
The AEs associated with metformin have almost exclusively been studied in the context of 
diabetes, which influences the rates at which these AEs are expected to occur. Common AEs 
anticipated in ≥5.0% of diabetic people taking metformin include GI intolerance (manifesting as 
diarrhea, nausea/vomiting, flatulence, indigestion and/or abdominal discomfort), headache and 
asthenia. Uncommon AEs that may occur in 1.0-5.0% of diabetic people taking metformin include: 
abnormal stools, hypoglycemia, myalgia, lightheaded, dyspnea, nail disorder, rash, increased 
sweating, taste disorder, chest discomfort, chills, flu syndrome, flushing and palpitation. 
Participants in the METHOD trial will take ATT and ART as concomitant medications and have 
the potential to cause certain AEs that overlap with those associated with metformin. AEs 
assessed as related to concomitant medications or other non-study drugs will be handled 
according to the relevant package inserts and the best medical judgment of the site investigator.  
 

13.1.1. GI Toxicity  
 
It is anticipated that 10-20% of METHOD trial participants who receive metformin will experience 
mild GI symptoms of nausea, vomiting or diarrhea without right upper quadrant tenderness or 
transaminase elevation. Gastrointestinal symptoms typically occur soon after starting metformin 
treatment and abate spontaneously despite its continued use. The risk for GI symptoms will be 
minimized by dose escalation and by counselling participants to take the study drug with food and 
to take ATT on an empty stomach. If grade 1-2 symptoms develop during the first week of study 
drug treatment, the study drug will be continued. If these are GI symptoms, the participant will be 
advised that they are usually transient and likely to resolve despite continued use of the drug. If 
symptoms resolve spontaneously by the following visit, then the dose will be continued according 
to protocol. For grade 3 or higher symptoms of any kind, the study drug, ATT, and ART will all be 
stopped, and the participant will be reevaluated at 3-day intervals. If symptoms resolve by the first 
3-day follow-up, then ATT will be resumed. If grade 3 symptoms do not recur after resumption of 
ATT, then ART will be resumed on the second 3-day follow-up. If grade 3 symptoms do not recur 
with resumption of ATT and ART, then study drug will be resumed on the third 3-day follow-up. 
This approach is used to identify the treatment most likely responsible for the symptoms. If the 
symptoms do not recur after restarting ATT and ART, then study drug would be suspected, and 
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this would be confirmed by re-challenge 9 days after stopping it. If grade 3 or higher symptoms 
recur when the study drug is resumed, then the participant would be classified as a study drug 
treatment failure due to AE. A similar approach will be taken for all grade 1-3 AEs. The clinical 
management of grade 1-3 toxicities potentially caused by metformin vs INH, RIF, PZA, EMB, TDF, 
FTC, and/or DTG or EFV is shown in Appendix B, Table 3. All grade 4 toxicities will cause 
permanent discontinuation of study drug. 
 
Sections 13.1.2, and 13.1.3 are not relevant to the control arm of the trial. 
 

13.1.2. Hyperlactatemia and Lactic Acidosis 
 
Lactic acidosis is a rare SAE, occurring in approximately 0.03 cases/1000 patient-years, with 
approximately 0.015 fatal cases/1000 patient-years, according to the Glucophage (metformin) 
package insert. However, a Cochrane review of 70,490 patient-years of metformin exposure 
identified no cases of fatal or non-fatal LA 72. 
 
Symptomatic hyperlactatemia (SH), a potentially serious toxicity that may be associated with 
metformin, is defined by one or more of specific symptoms (nausea/emesis, increased fatigue, 
dyspnea, muscle weakness, and/or paralysis of the lower extremities) along with serum lactate 
>4.4 mmol/L in the absence of acidosis. If participants report symptoms compatible with SH, then 
lactate will be measured by POC testing. If the lactate level is >4.4 mmol/L, then serum 
bicarbonate and venous pH will be evaluated on an urgent basis. If acidosis is excluded, 
participants will be managed by discontinuing study drug after confirming hemodynamic stability 
and reviewing potential causes of lactate elevation including sepsis, trauma, seizures, excessive 
muscle activity, regional ischemia, smoke inhalation, diabetic ketoacidosis, thiamine deficiency, 
liver dysfunction and other drugs associated with lactate elevation (acetaminophen, beta-2 
agonists, NRTIs, linezolid, propofol, alcohols, theophylline, and cocaine). For grade 1-2 
symptoms, participants will be advised to stop the study drug and return in 72 hours for repeat 
POC lactate testing that will be trended until <4.4 mmol/L.    
 
Lactic acidosis is a potentially life-threatening toxicity potential associated with metformin and 
defined by venous pH <7.35 and serum bicarbonate <20 mmol/L. Participants who develop LA 
will undergo emergent management at Zamokhule Hospital and Jose Pearson TB Hospital. The 
precise interventions will be tailored to the requirements of individual participants in the best 
judgment of the physicians providing care. Management might include intravenous fluid 
resuscitation with isotonic sodium bicarbonate, hemodialysis to correct metabolic acidosis and 
eliminate metformin and endotracheal intubation with mechanical ventilation to compensate 
metabolic acidosis and maintain medical stability.    
 

13.1.3. Reproductive Risks 
 

A recent study using the Denmark National Health registry reported that preconception paternal 
metformin treatment was associated with genital birth defects in male offspring 140. The risk was 
confined to metformin use during the period of spermatogenesis during 3 months before 
conception. To circumvent this risk, willingness to use condoms for the period of metformin use 
and 3 months after stopping metformin is an inclusion criterion and counselling will be reinforced 
at every visit. In addition to using condoms, males in the metformin arm will be asked to encourage 
their partners use a second form of contraception. Pregnancies in partners of male participants 
will be recorded using the Aurum Pregnancy Notification CRF, version 1.0. 
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 13.1.4. Other Toxicities 
 
Management of grade 1-3 AEs that are unrelated to the GI tract, elevated lactate, or listed in 
Appendix B, Table 3, will be managed by METHOD trial clinical staff under the direction of the 
Site PIs as needed according to their best clinical judgment and local practice norms. These AEs 
may include those listed on the metformin package insert (myalgia, lightheadedness, dyspnea, 
nail disorder, increased sweating, taste disorder, chest discomfort, chills, flushing and palpitation) 
or other symptoms that in the judgment of staff represent AEs. The general approach will be 
targeted relevant evaluation for a grades and discontinuation of study drug for 3-days for grade 
2-3 AEs. In addition to a complete medical history and physical examination, targeted evaluations 
might include chest x-ray and oximetry (e.g., for breathlessness) or ECG (for palpitations), or any 
clinical test depending on the nature and severity of symptoms. 
 

13.2 Other Disease Events 
 
Other disease events that may occur in the METHOD trial cohort include complications of 
pulmonary or extrapulmonary TB, opportunistic infections related to HIV, common infections that 
may or may not be related to HIV such as community-acquired pneumonia. Because of effective 
malaria control for over 50 years in South Africa, the risk of malaria transmission is low, seasonal, 
and limited to the low-lying North-Eastern Provinces of KwaZulu-Natal, Mpumalanga and Limpopo 
120.  
 
Acute illness is an exclusion criterion for the METHOD trial.  If such conditions are identified at 
screening or enrollment, acute management will be applied as indicated in the judgement of 
clinical staff, along with assessment for referral. 
 
For the metformin arm, conditions that have potential for life-threatening complications could 
increase the risk of LA and result in premature study discontinuation for an individual participant 
(see Section 14.7.1). These conditions include: 

1. Tuberculous meningitis (defined by lumbar puncture chemistries, cell count, PCR and 
culture) 

2. Cryptococcal meningitis (defined by the presence of cryptococcal antigen in 
cerebrospinal fluid) 

3. Septic shock (defined by mean arterial pressure ≤65 mmHg and lactate >2 mmol/L with 
defined site of infection, with or without bacteremia)  

4. TB-IRIS 
 
A recent meta-analysis estimated a summary risk for TB-IRIS in HIV+ individuals of ~18% with an 
attributable mortality of ~2% 121. The syndrome presents in two forms, paradoxical and 
unmasking, based on the temporal relation to treatment of the underlying diseases. Paradoxical 
TB-IRIS manifests with new or recurrent TB signs or symptoms during ATT while unmasking TB-
IRIS is characterized by hyper-inflammatory presentation of TB in HIV+ patients with early during 
ART 122. The risk for TB-IRIS correlates with TB disease burden at the time of ATT initiation and 
with the degree of baseline immunosuppression in HIV+ individuals.  
 
Manifestations of TB-IRIS may include suppurative lymphadenitis, splenic rupture, cold 
abscesses and worsening of dyspnea despite microbiologic response to ATT. Recent evidence 
suggests that lung inflammation during HIV-associated TB-IRIS results in PIAT 123. Owing to its 
anti-inflammatory properties, metformin has the potential to reduce the risk and/or severity of TB-
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IRIS although this question has so far remained unexplored. For that reason, the occurrence of 
TB-IRIS is an exploratory endpoint for the METHOD trial (Section 14.2.3).   
 
Public health clinic physicians have primary responsibility for managing HIV in METHOD trial 
participants. If Aurum Tembisa CRC and Isango Lethemba TB research Unit physicians suspect 
that cryptococcal or TB meningitis, septic shock or TB-IRIS has occurred in a participant, they will 
provide necessary initial care and facilitate a safe and appropriate hand-off to public health clinic 
staff.  
 
Serious other disease events will prompt discontinuation of the study drug. 
 

13.3 Pregnancy 
 
Pregnancy monitored at screening is an exclusion criterion for enrollment in the METHOD trial. 
Pregnancy occurring between the time of enrollment and study drug completion for the metformin 
arm will result in discontinuation of study drug, but the participant will continue to be followed. 
This is not expected to occur since women of childbearing age must use effective contraception 
to be eligible for enrollment.   
 

13.4 Breastfeeding/Replacement Feeding 
 
Breastfeeding is an exclusion criterion for the METHOD trial. 
 
Mean infant exposure to metformin was reported to be 0.28% of the weight-normalized maternal 
dose. While this is well below the 10% level of concern for breastfeeding in term of infant safety, 
there is a theoretical risk for hypoglycemia in the infant. The maternal caloric depletion associated 
with breastfeeding has a theoretical potential to precipitate LA in the mother. For these reasons, 
breastfeeding is an exclusion criterion for participation in the METHOD trial. 
 

13.5 Treatment Failure 
 
Treatment failure for TB is defined by positive culture at month-5 or month-6 of ATT or by the 
development of acquired drug resistance at any time during ATT. TB treatment failure is a 
secondary outcome measure for the METHOD trial but the management of treatment failure is 
not an objective of the protocol. Treatment failure will be monitored by monthly sputum culture 
during ATT. Participants in either treatment arm who fail standard ATT while participating in the 
METHOD trial will be referred to the local public health providers who have responsibility for TB 
treatment in Gauteng Province. 
 
Treatment failure for HIV is defined by viral load >1000 copies/mL on two consecutive 
measurements after 3 months of ART, or by CD4+ T cell count falling to the pre-ART baseline. 
Viral load and CD4+ T cell count will be tested at baseline and at the completion of study drug 
treatment in METHOD trial participants to reveal any anti-HIV HDT activity of metformin, but the 
management of HIV treatment failure is not an objective of the protocol. HIV treatment failure will 
be managed by the local public health clinicians who will remain responsible for providing ART to 
METHOD trial participants. 
 
 

13.6 Criteria for Discontinuation 
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13.6.1 Criteria for Permanent Intervention Discontinuation for an 
Individual Participant 

 
The criteria for permanent discontinuation of metformin for an individual participant are: 

1. Sputum Mtb culture resistant to isoniazid, rifampicin, or pyrazinamide at any time during 
study participation.  

2. Grade 3 or higher study intervention-related AE lasting >7 days after stopping the 
intervention, or that improves off intervention but is judged by the investigator to have a 
high risk of recurring on re-challenge.  

3. Requirement for prohibited concomitant medications. 
4. Pregnancy or breastfeeding. 
5. Grade 3 GI intolerance that persists after counselling for the optimal timing of ingestion 

and after stopping the intervention for 7 days or subsides after the intervention is 
stopped but recurs after re-challenge with the intervention. 

6. Grade 3 or higher hypoglycemia. 
7. Any grade 4 AE. 
8. Weight loss >6% of baseline value. 
9. Impaired renal function defined as eGFR <60. 
10. Completion of study intervention as defined in the protocol. 
11. Request by participant to terminate study intervention. 
12. Clinical conditions that, in the best judgment of the investigator, may be harmful or 

potentially life-threatening to the participant, even if not addressed in the AE 
Management section of the protocol. 

13. Recommended by the EC/IRB, DSMB, OHRP, in-country national health or regulatory 
entity. 

 
The participant will continue to be followed, with his/her permission, if the study intervention is 
discontinued. No subsequent modifications to the visit schedule and duration of continued follow-
up will be made, except for discontinuation of the study product. 
 

13.6.2 Criteria for Premature Study Discontinuation for an Individual 
Participant 

 
Participation in the METHOD trial would be discontinued during the screening or enrollment visit 
if candidates experienced an adverse event related to phlebotomy that, in the judgement of trial 
staff, precluded further attempts at phlebotomy. Participation would also be discontinued if 
candidates developed any acute illness that disqualified enrollment during the screening or 
enrollment visit. When possible, a safety assessment by telephone or in the clinic will be 
conducted at one month after discontinuation from the study. 
 
The criteria for premature discontinuation from the study for an individual participant are: 

1. Lost to follow up as evidenced by failure by the participant to attend 3 consecutive clinic 
visits, despite documented efforts by the retention team to locate and, if necessary, 
provide transport to the clinic, at the discretion of the site investigator. 

2. Breastfeeding. 
3. Request by participant to withdraw. 
4. Request of the primary care provider if s/he thinks the study is no longer in the best 

interest of the participant. 
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5. Participant judged by the investigator to be at significant risk of failing to comply with the 
provisions of the protocol as to cause harm to self or seriously interfere with the validity 
of study results. 
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14 STATISTICAL CONSIDERATIONS   
 
We will follow the Consolidated Standards of Reporting Trials (CONSORT) 2010 to analyze and 
report the METHOD trial. A CONSORT 2010 Flow Diagram will be generated to report results of 
enrollment, randomization, follow-up/retention, and number of participants available for analysis. 
The CONSORT 2010 Flow Diagram as well as the Checklist will guide the preparation of interim 
and final trial reports, and regular reporting to the DSMB and progress report. 
 

14.1 Overview and General Design Issues 
 
TB remains pandemic and a leading cause of death in people living with HIV despite the 
availability of effective antimicrobial agents. Several barriers explain the failure to bring about a 
faster decline in TB incidence and prevalence, among them the current requirement for a 
minimum 6-month course of ATT to achieve cure. Even with curative treatment, PIAT occurs in 
half of all TB survivors, adversely affecting their capacity for work and placing them at risk for 
chronic, progressive respiratory complications including COPD and bronchiectasis. Preclinical 
studies have shown that adding metformin to ATT accelerates the elimination of Mtb infection and 
modulates immune pathology in the mouse aerosol TB models 13.  
 
Retrospective clinical data support the relevance of findings in mice to human TB patients. 
Fundamental studies identified cellular mechanisms associated with the HDT efficacy of 
metformin, including enhanced generation of mitochondrial ROS and enhanced activation of 
antigen-specific CD8+ T cells. This preclinical evidence provides a compelling scientific rationale 
to test metformin in a randomized, controlled trial in HIV-infected adults with pulmonary TB. There 
exists a wealth of safety data on metformin in HIV-infected and in diabetic patients, but it is 
presently unknown whether metformin is safe and tolerable when given concurrently with ATT 
and ART. In the absence of that knowledge, it is unfeasible to propose a definitive trial adequately 
powered for a definitive test of HDT efficacy. The METHOD trial is a Phase 2A trial focusing on 
safety but will also leverage the cohort for a preliminary evaluation of efficacy to inform the design 
of the subsequent Phase 3 trial. This study is designed as a two (parallel)-arm randomized, open-
label trial with fixed size and equal probability for standard treatment vs. metformin added to 
standard treatment for each arm.    
 

14.2 Study Endpoints 
 

14.2.1 Primary Endpoint 
The primary endpoint is the number of grade 3 or higher adverse events during the time on 
study drug plus 4 weeks post study drug completion. 
 

14.2.2 Secondary Endpoints 
Study endpoints are applicable only to the intervention group.   
 
The secondary efficacy endpoints of the METHOD trial include: 

1. Time to sputum liquid culture conversion.  
2. Change in FEV1% from baseline to treatment completion. 
3. Exercise capacity at treatment completion defined by the 6MWT distance and the 

distance-saturation product. 
4. Change in radiographic severity score from baseline to treatment completion. 



METHOD Trial Protocol Version 15.0                                             Protocol Number: AUR1-1-199 
Date:  19 August 2024  
______________________________________________________________________________________  

57 
 

5. Respiratory quality of life quantified by the change in SGRQ from baseline to treatment 
completion. 

 
The secondary safety endpoint of the METHOD trial is: 

1. Proportion of participants experiencing one or more AE of any type and grade.  
 
14.2.3 Exploratory Endpoints 

1. HIV status defined by viral load and CD4+ T cell count. 
2. Occurrence of TB-IRIS using an internationally accepted definition suitable for low-

resource settings 124. 
 

14.3 Study Objectives and Hypothesis/Hypotheses 
 
Study objectives and hypothesis/hypotheses are applicable only to the treatment arms of the 
study. 
 
Study Objective 1. Determine the tolerability and safety of metformin added to standard ATT and 
ART in participants co-infected with HIV and TB.  
 
Hypothesis: Metformin has acceptable tolerability and safety when combined with ATT and ART 
in patients co-infected with TB and HIV.  
 
Statistical approach:  
Metformin would be unsuitable as an HDT agent for TB/HIV co-infection if GI toxicity compels 
discontinuation due to unacceptable symptoms or safety concerns in more than 5% of cases. This 
will be tested as a two-arm non-inferiority trial with binary outcomes. 
 
Average and median numbers of grade 3, 4 and 5 adverse events will be tabulated by arm, with 
and without stratification by sex, age and TB severity. Because the number of AEs may have a 
skewed distribution, we will use Poisson or negative binomial distribution-based tests to evaluate 
whether number of adverse events differs between arms (crude analysis). Poisson regression 
models will be used to compare rates of adverse events between the two arms, with and without 
stratification by sex, age, and TB severity. Adjustment for other unbalanced host factors will be 
considered in the models as needed. In case the adverse events are rare or existence of over-
dispersion, negative binomial regression models will be used for analysis. Using these models, 
we will also attempt to identify host factors predictive of potential adverse events. In addition, 
similar analyses will be conducted for each type and grade of adverse events (e.g., intolerability). 
If adverse events are rare and typical statistical models cannot be used effectively for small 
numbers, we will enumerate the events, overall and by sex, age group and severity.  
 
There is a chance that nearly all participants may hit the secondary safety endpoint of at least 
one AE of any grade. To address that possibility, we will consider analysis of the number of 
secondary AEs of any grade, instead of any vs. none. We propose to use either Poisson or 
negative binomial regression models to analyze incidence rates of secondary AEs. This 
approach will allow us to differentiate participants subject to risks for multiple AEs from those 
with risks to none or few AEs.  
 
Study Objective 2. To evaluate the efficacy of metformin as adjunctive therapy when added to 
standard ATT and ART for TB/HIV co-infection.   
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Hypothesis: Metformin combined with standard ATT accelerates sputum conversion and 
improves respiratory outcomes of pulmonary TB disease in HIV coinfected individuals. 
 
Statistical approach: The efficacy of metformin at HDT for TB could manifest as accelerated 
sputum conversion and/or as enhanced respiratory health after TB treatment completion. This will 
be evaluated using several outcome measures including:  

• Time to sputum conversion in MGIT culture 
• Change in FEV1% from baseline to TB treatment completion   
• Change in distance-saturation product from baseline to TB treatment completion   
• Change in radiographic severity score from baseline to TB treatment completion 
• Change in SGRQ score from baseline to TB treatment completion 

 
Time to sputum conversion in MGIT culture will be analyzed and compared between the 
metformin and standard treatment arms using log-rank test (crude analysis) and Cox proportional 
hazards models with adjustment for relevant unbalanced covariates. In addition, heterogeneity in 
metformin treatment effects on time will be evaluated by stratifying the analysis by sex (male vs 
female), age group (<45 vs ≥45y) and TB severity (mild vs moderate vs severe). Further, 
multivariable Cox regression models will be used to examine differential treatment effects by 
these variables, or certain combinations of any of the three factors (interactions), adjusting for 
other relevant host factors (controlling for confounding). Interaction terms between treatment 
indicators (or MET dosage variable) and host factors (sex, age and severity) will be included in 
the models. Statistically significant interactions may indicate potential heterogeneous metformin 
effects by these host factors, and the need for in-depth analysis and reporting by subgroups. Such 
analyses will help answer clinical questions such as whether metformin effects will be stronger 
among or limited to certain patient subgroups. For other secondary outcomes including changes 
in FEV1%, FVC, FEV1/FVC, distance-saturation product, radiographic severity score and SGRQ 
score, we will apply linear and generalized linear regression models as appropriate. The analytic 
strategies are similar to those for time to sputum conversion, except the underlying statistical 
models. We are fully aware that the sample size of the trial is limited, and its statistical power is 
limited for testing some of these proposed subgroup analyses. These analyses are unlikely to be 
definitive but will be helpful to generate hypotheses and inform the design of the subsequent 
Phase 3 trial. 
 
Study Objective 3. Determine whether metformin added to standard ATT in participants co-
infected with and treated for HIV improves HIV outcomes. 
 
Hypothesis: By activating AMPK and by modulating inflammatory cytokine expression, metformin 
enhances the efficacy of ART.  
 
Statistical approach: This exploratory objective is investigated using the endpoints of viral load 
and CD4+ T cell count, and the occurrence of TB-IRIS. As viral load and CD4+ T cell counts 
usually have skewed distribution, we will consider logarithmic transformation and use of quantile 
regression models. Quantile regression models will allow us to evaluate the metformin effect on 
changes in distributional characteristics of viral load and CD4 counts (e.g., significant decreases 
in lower quartile or median values of viral loads and increases in median and upper quartile values 
of CD4+ counts when treated with metformin). Statistical comparisons are very similar to those 
for Study Objective 3, except the outcomes and the underlying statistical models (and thus not 
repeated).   
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General statistical considerations applicable to all study objectives: In these analyses, 
model performance, distributional assumptions and functional forms will be carefully examined. 
To address issues regarding participant dropout, we will compare characteristics of the 
completers and the dropouts. If dropout is prevalent (e.g., >10%), we will build a logistic model to 
examine whether the dropouts are related to treatment arm and host factors. If dropout rates are 
relatively high and data can support, we will use the model to estimate the probability of dropout 
and use the probability for inverse probability weighting in the final analysis (also called marginal 
structural equation models). Dr. Li has successfully applied such models in previous National 
Institutes of Health (NIH) funded clinical trial studies 101-103. Although our past observational and 
randomized controlled studies showed low prevalence of missing host and clinical data in this 
population, we plan to use multiple imputation models to handle missing data as necessary. 
 
While DTG has largely replaced EFV for first-line ART in the catchment population, some 
METHOD participants may be treated with EFV-containing regimens. These individuals would be 
expected to have lower metformin exposure than participants on DTG-containing regimens, which 
might influence HDT efficacy or risk of AEs. The statistical analysis will consider stratification by 
EFV levels in the descriptive and covariate-adjusted analyses. We will carefully test interactions 
between the treatment and EFV, if statistically significant interaction is detected, we will stratify 
the analysis by EFV. Otherwise, we will adjust EFV as a covariate in the analysis.   
 

14.4 Sample Size Considerations 
 
The planned systems immunology analyses for the omics control group do not lend themselves 
to typical sample size estimation used for clinical studies with limited variables. Instead, the 
sample size per group (N=30) is justified by results from previously published proteomic, 
transcriptomic and/or flow cytometric studies involving TB that identified significant differences in 
protein and mRNA levels, leukocyte subsets, and gene expression pathways with sample sizes 
of 30 or less 33;139. Having an equal sample for all three groups (control, ATT alone, ATT plus 
metformin maximizes the power and discovery potential of the study. Unbalanced group sizes 
and reduce statistical power as cause difficulties in machine learning especially with very skewed 
numbers. 
 
The primary objective for the treatment arms is to determine tolerability and safety of metformin 
added to standard ATT and ART in the treatment of TB/HIV co-infection. The most likely potential 
barrier to widespread adoption of metformin for this indication is GI toxicity. Although GI AEs are 
relatively common during standard TB treatment, severe or serious GI AEs are distinctly 
uncommon. In a TB-HDT study funded by the Bill and Melinda Gates Foundation and currently 
underway at Tembisa, participants are randomly assigned to receive 1 of 4 adjunctive HDTs plus 
rifabutin-substituted TB treatment, or that treatment alone. In an interim analysis, 38 instances of 
non-hepatic GI AEs were noted among 120 enrolled participants. Only 2 were serious and/or 
severe, requiring temporary or permanent discontinuation of treatment. Of these, one was 
attributed to the study drug. From this, we estimate that the expected rate of non-hepatic GI AEs 
leading to temporary or permanent discontinuation of standard treatment is 1-2%, i.e., 98-99% of 
patients are able to continue treatment without such events. The following table indicates sample 
size requirements for a range of event frequencies and non-inferiority margins, assuming α=5%, 
β=80%, and one-side non-inferiority test for proportions is used.  
 
Table 4. Primary endpoint sample size requirements 

Success rate in 
controls 

Success rate in 
experimental arm 

Non-inferiority margins  Minimum sample size 
per arm 
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99 99 5 49 
99 99 6 35 
99 99 7 25 
99 99 8 20 
98 98 5 97 
98 98 6 68 
98 98 7 50 
98 98 8 38 

 
Regarding statistical analysis for the PK/PD study, data from intensive sampling (N=10 for 
metformin, or N=20 for the TB drugs, 8 samples each), plus sparse sampling (N=46 for metformin 
and N=92 for TB drugs, 3 samples each) are sufficient to support the determination of the 
structural model and characterization of the typical population parameters for the drugs in the 
study. A 1-compartment model is sufficient to describe the PK of metformin, rifampicin, and 
pyrazinamide. A 2-compartment disposition model is suitable for isoniazid, and therefore we will 
need to use Bayesian priors from our previously proposed models. The size of the sparsely 
sampled cohort will provide a reasonably diverse range of covariate values for the model and will 
enable identification of significant covariate effects. The amount of individual data from each 
sparsely sampled participant (3 samples) will provide reasonably accurate estimates of AUC and 
Cmax. The sample size for the PK/PD analysis of the first-line TB drug efficacy is larger than that 
used in previous studies that successfully identified PK/PD relationships for treatment 128;129.  
 
A total of 112 participants will enter this 2-arm parallel-design study in order to enroll 100 
participants (50 per arm) fully evaluable for the secondary endpoint of sputum culture conversion. 
“Evaluable” is defined as having sufficient culture data to determine time to sputum culture 
conversion by week 12. Our main efficacy endpoint will compare the time to conversion in the 
metformin arm with the control arm. Based on the results of the PanACEA MAMS-TB trial 58, we 
anticipate a median of 62 days (2 months) to stable culture conversion in the treatment control 
group (ATT without metformin). The probability is 80 percent that the study will detect a treatment 
difference at a two sided 5.0 percent significance level if the true hazard ratio is 1.94 130. This HR 
is somewhat higher than that detected in the high dose rifampicin arm of the PanACEA trial. These 
estimates are based on the assumptions that the accrual period will be 120 weeks, the follow up 
period for the endpoint will be 3 months, and the median time to culture conversion is 2 months 
in the control arm.  
 
The proportion of participants with cultures having growth of Mtb on solid medium after 8 weeks 
of treatment is an alternative microbiological endpoint 98. It has the benefit of validation for the 
prediction of recurrence rates in TB treatment-shortening trials 131;132. Assumptions for statistical 
power analysis were based on results of four recent Phase 3 trials reporting the proportions with 
positive cultures at 2 months using solid media in the control (HREZ) arms as shown in Table 6. 
We estimated the detectable treatment effects (reduction in percentages) for a study with 100 
total evaluable participants with complete information to detect difference between the standard 
treatment (control) and metformin arms, over a range of proportions in the two arms. Using one-
sided Fisher’s exact test for testing two independent proportions at 5% significance level with at 
least 80% power, the trial can detect a reduction in proportions of 14.3%, 14.8%, 15.3% and 
15.8% when the proportions of the treatment control group are 15%, 16%, 17% and 18%, 
respectively. Given that this study is a Phase 2A trial, it is not powered to detect a modest to weak 
metformin treatment effect. However, the study, with N=50 per arm, can provide a reasonable 
precision when estimating sputum culture positive proportions. When the true proportions are 
2.5%, 5%, 7.5%, 10%, 12.5% and 15%, the precision of the estimate (half width of 95% CI) can 
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achieve 5.7%, 7.2%, 8.3%, 9.3%, 10.1% and 10.7%, respectively. These estimates will be 
informative to the design of the subsequent, larger Phase 3 trial.   
 
Table 5. Sample size estimation for time to conversion 

   Metform vs control 
N per arm (evaluable)    HR 
80 .05 .8 1.70 
60 .05 .8 1.84 
50 .05 .8 1.94 
40 .05 .8 2.08 

 
Table 6. Expected sputum culture-positive proportions in treatment control participants  

Study N Metform vs control 
Benator (2002) 109 443 0.176 
REMox (2014) 4 502 0.164 
OFLOTUB (2014) 5 676 0.167 
RIFAQUIN (2014) 2 160 0.076 

 
 

14.5 Enrollment/Stratification/Randomization/Blinding 
Procedures/Unblinding Procedures 

 
Candidates for participation in the METHOD trial will be identified and recruited from Primary 
Health Care clinics City of Ekurhuleni and City of Tshwane Districts and Primary Health Care 
clinics in the City of Johannesburg as well as and Nelson Mandela Bay area, Sub district A and 
C within the Province of Eastern Cape, South Africa. Participants will be identified using the TB 
Registry. Outstanding Xpert/RIF results will be followed using the NHLS TrakCare web portal. 
HIV status and CD4+ T cell count will be known for some but not all participants prior to screening. 
The HIV results will be accessed using the above system for candidates with previously known 
HIV status. The primary care clinic staff or (with permission from the District Department of Health) 
will introduce/refer selected candidates (with their permission) to the Aurum Tembisa CRC and 
Isango Lethemba TB Research Unit study team, allowing the team to look up additional laboratory 
results and initiate screening and enrollment (Appendix A). Recruiting will also be implemented 
through The Aurum Institute HIV Counselling and Testing program operating in the Tembisa 
catchment areas. 
 
A cohort of 112 participants is planned (56 per arm), aiming to retain 100 participants with 
evaluable data for analysis (14 buffer based on retention in nine completed or active trials at 
Tembisa and Isango Lethemba TB Research Unit). We will enroll TB-/HIV+ individuals (N=30) to 
provide baseline values for proteomic, transcriptomic and flow cytometry studies. The TB and HIV 
status of the control participants will be confirmed by chest x-ray, sputum culture and HIV 
serotesting. Thus, maximum total enrollment including both interventional study arms and omics 
control group will be 142 individuals. Previous studies at The Aurum Tembisa CRC have had 
excellent retention rates thanks to the Tembisa CRC Community Engagement Unit. Details of 
retention are presented in Protocol Section 9.3. 
 
A stratified recruitment and randomization approach with pre-determined quota is deemed 
unfeasible owing to the small sample size and skewing of relevant variables in the population 
being studied. As an example, radiographic TB severity is generally lower in HIV-positive 
individuals than in the general population. However, post hoc stratified analysis will assess 
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potential effect modifications (or heterogeneity in treatment effects) of host factors including age, 
sex, and radiographic TB severity. Although the current trial is not powered to detect such 
variations in treatment effects, such data will be informative to the design of the subsequent larger 
Phase III trial and help us determine if potential heterogeneity in treatment effects should be 
factored into the trial design. Briefly, in the statistical analysis, participants will be stratified into 8 
strata according to sex (male vs female), age (>45 vs <45 y) and TB severity (minimal/moderate 
vs advanced) as determined by the radiographic extent of disease at enrollment. Since 
radiographic severity reflects the interaction of host immune status and Mtb, and since it is 
correlated with CD4 counts, effect modification by chest x-ray is possible and worth 
evaluating. Participants will be randomized by block sizes of 2 and 4 in random order with equal 
probability for either arm. The statistician will create a randomization program based on the 
“ralloc” procedure available in Stata MP 15 (Stata Corp., College Station, TX). Seed number for 
the randomization program will be preserved so the randomization process can be tracked and 
audited as necessary. A non-informative coding for the two arms (i.e., A vs B) will be used to blind 
the treatment status during the trial. Randomization sequences by stratum generated a priori will 
be done manually via opaque, sealed envelopes, assigned sequentially by the Pharmacist once 
the Investigators have confirmed eligibility of the participant to be randomized. Only once the 
envelope has been assigned will the assignment be known to the study team, as this is an open-
label trial. A specific quota for each stratum is no longer necessary and thus will not be 
implemented. Treatment randomizations are blinded to the investigators and staff. Treatment 
status unblinding will be allowed only if needed for participant safety or as permitted jointly by the 
investigators, the DSMB and the sponsor. 
 
Samples from the omics control group and the interventional arm participants in the METHOD 
trial will be prepared at Tembisa and delivered to the Singhal laboratory in a de-identified manner. 
When the interventional study is unblinded, Dr. Singhal will receive information for group 
assignment that will not contain personal identifying information.  
 

14.6 Participant Enrollment and Follow-up 
 
The METHOD trial will rely on two sites, the Aurum Tembisa CRC and Isango Lethemba TB 
Research Unit. Based on the sample size estimation (Section 14.4.), the goal is to follow 100 
TB/HIV co-infected participants study completion. We anticipate enrolling an additional 12 
participants to make up for enrolled participants who may be lost to follow-up or withdrawn from 
participation. It is further anticipated that to enroll the combined total of 112 participants, we will 
need to screen twice that number or 224 candidates. This estimate is based on the typical ratio 
of screened to enrolled participants in other clinical trials at the Aurum Tembisa CRC and Isango 
Lethemba TB Research Unit on the typical retention rates in those studies. Participants in the 
omics control group finish their involvement with the study at the end of the enrollment visit.  
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15 Data and Safety Monitoring 
 
A Data Safety and Monitoring Board (DSMB) for the METHOD trial will be established and 
supported by the Aurum Institute, with membership reviewed and approved by DAIDS. The DSMB 
will operate as detailed in the document “Charter for the Data and Safety Monitoring Boards of 
the Division of AIDS”, version 5.0 (06/24/2015). The DSMB will meet semiannually to assess 
safety and efficacy data on each arm of the study. The DSMB will review aggregate safety data 
for increased rate of occurrence of serious suspected adverse reactions. The METHOD trial Chief 
Statistician (Dr. Wenjun Li) will provide the appropriate reports for DSMB review.   
 
The implementation of the METHOD Trial will be overseen by Drs. Wallis, Kornfeld, Churchyard, 
and the site PIs from Tembisa site and Isango Lethemba TB Research Unit. Members of this 
oversight group, along with other members of the site teams as needed, will meet bi-weekly or 
more frequently if needed. The purpose of these team meetings is to monitor the implementation 
and progress of the trial, review information from external sources relevant to the design and 
conduct of the study, discuss recommendations from the DSMB, and address any barriers to 
productivity or other matters arising. Drs. Wallis, Kornfeld, Churchyard, and the site PIs from 
Tembisa and Isango Lethemba TB Research Unit will conduct an investigators’ meeting at least 
quarterly to discuss any issues or events affecting participant safety and performance of the site 
staff. 
 
An Independent Safety Monitor (ISM) will be appointed to provide unbiased oversight of 
operations at the Aurum Tembisa CRC and Isango Lethemba TB Research Unit. The ISM is a 
physician  with relevant expertise whose primary responsibility is to provide independent safety 
monitoring in a timely fashion. This ISM is identified by the investigator site and approved by 
DAIDS. The ISM will review SAEs and other AEs as needed and provide an independent 
assessment to DAIDS. The study site will have an ISM with experience in infectious diseases 
and/or internal medicine.  
   

15.1 Planned Interim Analyses and Stopping Guidelines 
 
Analyses and Stopping guidelines are applicable to the intervention group, not the omics control 
group. 
 
Safety and data integrity will be regularly monitored and reported to the DSMB, investigation team 
and DAIDS designated officers. Quarterly safety and data monitoring reports will be provided. 
Severe adverse events will be communicated with the DSMB and investigation team immediately.   
Interim safety review will be conducted when week-8 results are available from the first 50% of 
participants enrolled. This analysis will focus on safety measures, such as proportions of 
participants who are unable to continue study drug due to gastrointestinal symptoms and/or other 
important side effects/severe adverse events. The information will be shared with the DSMB to 
determine if the continuation, modification, or termination of the trial after the early phase is 
justified. Efficacy data will also be evaluated in the first interim analysis to place the safety data in 
context, recognizing that the sample size is too small to power interim efficacy analysis. 
 
The information will be used to determine whether the trial can achieve the analytic goal given 
the observed variances in treatment responses (e.g., if observed variations are substantially 
larger than expected, the trial lacks adequate statistical power as planned, and the logistics do 
not allow drastic increase in trial size, an early stop may be justified). The interim analysis results 
will be shared with NIAID, DSMB and investigation team, for data-driven joint decisions. Exact 
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stopping rules will be developed jointly with NIAID, DSMB and the investigation team before or 
when the trial begins.  
 

15.1.1 Interim Safety Review 
 
Interim safety review is applicable to the intervention group, not the omics control group. 
Subsequent review of serious, unexpected, and related AEs by the DSMB, ISM, EC/IRB, 
SAHPRA, or other relevant local regulatory authorities may result in suspension of further trial 
interventions. If more than 20% of the first 20 participants in the metformin arm permanently 
discontinue treatment for any reason before completing the planned treatment, a DSMB review 
will be triggered to determine if enrollment should be terminated. If fewer than 20% of the first 20 
participants in the metformin arm permanently discontinue treatment for any reason and study 
enrollment continues, then then the threshold for triggering DSMB review will be reduced to 10% 
of the subsequently enrolled participants.    
 
Among potential SAE/AEs associated with metformin, the following will be carefully scrutinized: 

1. Gastrointestinal intolerance 
2. Weight loss >6% of baseline 
3. Hypoglycemia 
4. Lactic acidosis 

 
These parameters are assessed at every study visit and capture in the follow-up visit CRFs and 
in AE reporting CRFs. 
 
Based on the available data, the DSMB will advise DAIDS of its recommendations after each 
meeting. Examples of findings that might trigger a safety review are the number of SAEs overall 
or in particular subgroup, the number of occurrences of a particular type of SAE, severe 
AEs/reactions, or increased frequency of events. 
 

15.1.2 Interim Efficacy Review 
 
No interim efficacy review is planned. 
   

15.2 Analysis Plan 
 
The analysis plan is applicable to the intervention group, not the omics control group. 
 
Primary safety and efficacy endpoints will be evaluated based on a modified intention-to-treat 
population, consisting of all participants who underwent randomization and received the study 
medication at least once, but excluding participants whose initial laboratory evaluation 
subsequently indicated study ineligibility due to negative baseline Mtb culture or positive baseline 
culture with resistance to isoniazid, rifampicin, or pyrazinamide. The modified intention-to-treat 
analysis will include all participants who have taken at least one dose of the study medications 
during the continuation phase of ATT. This group will be treated as the any-exposure population. 
In addition, participants who took at least 80% of all doses over a period of 3 months will be 
included in a per-protocol population. A secondary analysis will examine efficacy endpoints in the 
any-exposure vs per-protocol population who adhered perfectly to the intervention and trial 
instructions. In view of the potential for discordant results between solid and MGIT cultures, 
participants with negative solid cultures at baseline or with contaminated solid cultures at week 8 
(month 2) will be excluded from the week 8 (month 2) analysis; however, they will still be included 
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in analysis of MGIT results if baseline MGIT will be positive, and in analysis of the secondary 
outcomes.  
 
Briefly, the following general statistical approaches will be used to evaluate the primary safety 
and efficacy endpoints. For safety endpoints and tolerability of metformin, average and median 
numbers of grade 3, 4 and 5 adverse events will be tabulated by treatment arm, with and without 
stratification by sex, age, and TB severity whenever sample sizes are adequate. Since the number 
of adverse events are likely highly skewed, Poisson or negative binomial distribution-based test 
will be used to evaluate whether number of adverse events differs between arms (crude analysis). 
Poisson regression models will be used to compare rates of adverse events between the two 
arms, with and without stratification by sex, age, and TB severity. Adjustment for other unbalanced 
patient factors will be considered as needed. In case the adverse events are rare or existence of 
over-dispersion, negative binomial models will be used. Using these models, we also will attempt 
to identify host factors predictive of potential adverse events. In addition, similar analyses will be 
conducted for each type and grade of adverse events (e.g., intolerability). If adverse events are 
rare and typical statistical models cannot be used effectively for small numbers, we will enumerate 
the events, overall and by sex, age group and severity.  
 
For the microbiological efficacy endpoint of time to sputum liquid culture conversion, data will be 
analyzed and compared between the metformin and standard treatment arms using log-rank test 
(crude analysis) and Cox proportional hazards models with adjustment for relevant unbalanced 
covariates. In addition, heterogeneity in metformin treatment effects on time will be evaluated by 
stratifying the analysis by sex (male vs female), age group (<45 vs ≥45y) and TB severity 
(minimal/moderate vs severe). Further, multivariable Cox regression models will be used to 
examine differential treatment effects by these variables, or certain combinations of any of the 
three factors (interactions), adjusting for other relevant host factors (controlling for confounding). 
Interaction terms between treatment indicators (or metformin dosage variable) and host factors 
(sex, age and severity) will be included in the models when stratum sample sizes support. 
Statistically significant interactions may indicate potential heterogeneous MET effects by these 
host factors, and the need for in-depth analysis and reporting by subgroups. Such analyses will 
help answer clinical questions such as whether metformin effects will be stronger among or limited 
to certain patient subgroups. The possibility of participant mortality during the time to conversion 
window will be addressed using two approaches. The first is to consider death as a negative 
conversion outcome at the time of death; this may apply to patients whose cause of death is 
adjudicated to be due to TB. The second is to censor the patients who died of non-TB related 
cause(s), at the time of death. 
 
For the complementary microbiological efficacy endpoint of solid culture status at month-2, the 
proportions of positive cultures after 8 weeks of ATT will be tabulated and compared between the 
metformin and standard treatment arms using Chi2 test (crude analysis), overall and stratified by 
sex, age group (<45 vs ≥45y) and TB severity (mild vs moderate vs severe). The purpose of the 
stratified analysis is to evaluate potential heterogeneity in metformin treatment effects by these 
host factors when stratum sample sizes support. Further, multi-variable logistic regression model 
will be used to estimate treatment effects with adjustment for relevant unbalanced baseline 
covariates (e.g., medications and comorbidities), overall and by sex, age group and severity. 
Selection of covariates will be guided by clinicians and literature, and we will use as backwards 
stepwise variable election method. In the models, we will evaluate the interaction terms between 
treatment indicator (and dosage variable) and these host factors. Statistically significant 
interactions indicate possible heterogeneity in metformin effects by one or more or combinations 
of these host factors, and the need to analyze and report trial outcomes stratified by these host 
factors. We will thus conduct and report in-depth subgroup analysis. Such analyses will help 
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answer clinical questions such as whether metformin effects will be stronger among or limited to 
certain patient subgroups. We are fully aware that this small sized trial is not powered to detect 
modest to small subgroup differences. However, such analyses can be informative to the design 
of the subsequent larger Phase 3 trial and is thus highly desirable.  
 
To determine whether metformin added to standard ATT in participants co-infected with and 
treated for HIV improves respiratory health after TB treatment completion, we will analyze 
between-arm differences in several secondary endpoints of change in radiographic score and 
SpO2, 6MWT distance-saturation product, spirometric values and SGRQ score. Briefly, 
radiographic score and SpO2, 6MWT distance-saturation product, spirometric values and SGRQ 
score will be tabulated by arm and time point, with and without stratification by sex, age and TB 
severity when stratum sample sizes allow. Pre-post changes in these outcomes will also be 
tabulated in a similar fashion. Wilcoxon rank sum tests will be used to evaluate whether pre-post 
changes in these respiratory outcomes differ between two arms (crude comparison). Further, we 
will use general or generalized linear mixed models to obtain covariate-adjusted metformin 
treatment effects on these respiratory outcomes. Each of these respiratory outcomes will be 
analyzed using a separate model. Data on all time-points will be used for modeling. Serial 
correlations between measurements on the same participant will be modeled with a proper 
variance structure (e.g., first order autoregressiveness or unstructured covariance). The 
covariate-adjusted models will include sex, age and TB severity as well as other potential 
predictive patient factors. Potential effect modifications among these predictors will be explored. 
The metformin treatment effects can be determined by the coefficients of the interaction terms 
between metformin treatment indicator and post-treatment time point indictors. If significant 
interaction terms between metformin indicator and other host factors (e.g., sex, age group and 
TB severity) are observed, we will conduct in-depth subgroup analysis, and report results stratified 
by these variables. 
 
To determine whether metformin added to standard ATT in participants co-infected with and 
treated for HIV improves HIV outcomes, we will evaluate between-arm differences in pre-post 
changes in the exploratory endpoints of viral load and CD4+ T cell count. As viral load and CD4+ 
T cell counts usually have skewed distribution, we will consider logarithmic transformation and 
use of quantile regression models. Quantile regression models will allow us to evaluate the 
metformin effect on changes in distributional characteristics of viral load and CD4 counts (e.g., 
significant decreases in lower quartile or median values of viral loads and increases in median 
and upper quartile values of CD4+ counts when treated with metformin). Statistical comparisons 
are very similar to those for Study Objective 3, except the outcomes and the underlying statistical 
models (and thus not repeated).   
 
Finally, to determine whether metformin added to standard ATT in participants co-infected with 
and treated for HIV improves TB treatment outcomes, we will evaluate between-arm differences 
in the secondary endpoints of cure, failure, death, default and relapse. The proportions of cure, 
treatment failure, death, default, and relapse will be tabulated and compared between the two 
arms using Chi2 test (crude comparison) and multivariable logistic regression models adjusting 
for relevant unbalanced covariates. For rare events or groups with small numbers, such as death, 
we will also consider Fisher’s exact test and/or exact logistic regression models. In addition, 
heterogeneity in these outcomes will be compared between the two arms, stratified by sex, age 
group and TB severity, with and without covariate adjustment. As time of death or relapse will be 
recorded, we will also consider use of time-to-event models such as Weibull or Cox proportional 
hazard regression models.  
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In all these analyses, model performance, distributional assumptions and functional forms will be 
carefully examined. To address issues regarding participant dropout, we will compare 
characteristics of the completers and the dropouts. If dropout is prevalent (e.g., >10%), we will 
build a logistic model to examine whether the dropouts are related to treatment arm and host 
factors.  
We will use the model to estimate the probability of dropout and use the probability for inverse 
probability weighting in the final analysis (marginal structural equation models). The bootstrapping 
method will be used to account for variances in estimated probabilities of dropout. The METHOD 
trial Chief Statistician, Dr. Wenjun Li, has successfully applied similar models in previous NIH-
funded clinical trial studies. Although our past observational and randomized controlled studies 
showed low prevalence of missing host and clinical data in this population, we plan to use multiple 
imputation models to handle missing data as necessary. 
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16 DATA HANDLING AND RECORDKEEPING 
 
The Data Management Department of the Aurum Institute will provide data management services 
for this project. Data collection will be managed either by paper CRFs or electronic data capture 
(EDC) or a combination of those methods. Upon entry into the system, full audit trails will be 
maintained for all study data. Data is housed in a secure database with limited username and 
password access. Electronic data is backed up at standardized intervals and kept in a secure 
location. Datasets are managed in STATA and posted to Aurum’s secure FTP site for access by 
authorized study personnel. Ongoing data monitoring is provided for source document verification 
for critical variables. Paper documentation is housed in Aurum’s archives for three years before 
movement to permanent storage facilities for the required timeframe. Final, clean datasets will be 
made available to stakeholders within 180 days of the last participant’s last visit. Prior to that time, 
access to data must be requested from  the Aurum Institute Data Management Center and may 
require the approval of the study investigator team. 
 
AURUM has selected Merge Zelta as a database platform for this study, and to that end has four 
certified database designers within the Data Management department. Zelta is a cloud-based 
system that allows for EDC, capture from paper CRFs, or direct data uploads. It is flexible and 
easy to use for both data entry staff and site staff in the field using it to track participant data and 
status and it is 21 CFR Part 11 compliant. It also has the ability to upload DICOM images for study 
team review. From data entry screens, to validation, to querying and reporting, Zelta has proven 
to be faster and easier to use than other database systems Aurum has used or implemented in 
the past. 
 
Data collected on CRFs is identified by a unique study identifier and all study information is kept 
separately from a participant’s personal identifying information. All communications regarding a 
participant use his/her study identifier. Access to the Zelta database is by username and 
password only and is managed by the Data Management team. Participant paper files are stored 
in secure, locked file cabinets while on site and are stored in the secured Aurum Archives once 
delivered to the central data management office. Documents are stored on-site for 3 years before 
being moved to a secure facility for the duration of the required storage time.  
 
CSV datasets of all CRFs are generated on a weekly basis and read into STATA for data 
management and analysis. These datasets and merged datasets will be used for interim analyses 
as needed. A database design document can be created at any time (scheduled time points for 
generation for review and sign-off are: pre-go-live, go-live and study close out) that lists all study 
processes, user access, tables, variables, code lists, queries, and reports. This document 
compiles both the data dictionary and the codebooks. 
 

16.1 Data Management Responsibilities 
 
Data management for the METHOD trial will follow data established practices specified in the 
Aurum Institute SOPs. The Data Management Plan will itemize all deliverables and timelines for 
data management for this study. The Data Management team is responsible for providing the 
study database and CRFs (paper and electronic) as well as all instructions and documentation to 
support the study database and training resources for the site. Data Management staff provide 
initial and follow-up training for study staff as required and ensure quality assurance and quality 
control of the data management system. Real time verification checks are provided upon data 
entry to ensure completeness (no missing data), accuracy (range and cross-form checks), and 
reliability. In addition, standard and ad hoc reports are available to the study team upon request. 
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Data Management also provides source document verification between source documents/CRFs 
and the database for critical variables as defined by the study team.  
 
The protocol Chair and Co-Chair (Drs. Wallis and Kornfeld, respectively) have the primary 
responsibility for interpretation of clinical data. Dr. Singhal and Prof. Maartens have the primary 
responsibility for interpretation of transcriptomic, proteomic, flow cytometry and PK data 
generated at their institutions. The Chief Statistician (Dr. Li) has primary responsibility for the 
statistical analysis of all METHOD trial data.  
 

16.2 Essential/Source Documents and Access to Source  
Data/Documents 

 
Source documents are defined as all information in original records and copies of original records 
of clinical findings, observations, or other activities in a clinical trial necessary for the 
reconstruction and evaluation of the trial. Source documents will include, but are not limited to, 
progress notes, electronic data, screening logs, and recorded data from automated instruments. 
All source documents and source data are considered essential documents. 
 
All essential documents pertaining to this trial will be maintained within data management facilities 
that ensure privacy, confidentiality, security, and accessibility when the clinical research is being 
conducted and after the research is completed.at the clinical research site. Responsibility for the 
delegation of access of such data to site staff will be overseen by the investigators at the Tembisa 
CRC and Isango Lethemba TB Research Unit. The investigator will in accordance with ICH-GCP 
guidelines permit trial‐related monitoring, audits, Independent Ethics Committee/Institutional 
Review Board (IEC/IRB) review and regulatory inspections, providing such authorized persons 
direct access to all essential documents. All records will be archived in a secure storage facility 
for at least ten years after the completion of the study. The relevant SOPs are available.  
 

16.3 Quality Control and Quality Assurance 
 
Clinical Quality Management Plan (CQMP) 
The METHOD trial will follow procedures established at the study sites to ensure the quality of 
clinical trial data as detailed in their site/study Quality Management Plans  
 
Auditing and Inspecting 
The investigator will permit study-related monitoring, audits, and inspections by the EC/IRB, the 
sponsor, government regulatory bodies, and the compliance and quality assurance groups of all 
participating institutions with regard to study related documents (e.g. source documents, 
regulatory documents, data collection instruments, study data etc.). The investigator will ensure 
the capability for inspections of applicable study-related facilities (e.g. pharmacy, diagnostic 
laboratory, etc.). 
 
Participation as an investigator in this study implies acceptance of potential inspection by 
government regulatory authorities and applicable University compliance and quality assurance 
offices. 
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17 CLINICAL SITE MONITORING 
 
A Contract Research Organization (CRO) will provide project management and monitoring and 
will be responsible for ensuring all procedures are conducted in accordance with the protocol and 
all applicable regulations.  
 
Site monitors from the CRO will visit participating clinical research sites to review participants 
records, including consent forms, CRFs, medical records (e.g., physicians’ progress notes, 
nurses’ notes, individuals’ hospital charts), and laboratory records to ensure protection of study 
participants, compliance with the EC/IRB approved protocol/amendments, and accuracy and 
completeness of records. The monitors will inspect sites’ regulatory files to ensure that local 
regulatory requirements, in addition to U.S. Federal regulations, are being followed. They will also 
inspect sites’ pharmacies to review product storage and management. A separate monitoring plan 
document will be developed to describe who will conduct the monitoring, the detailed scope of 
the monitoring to be performed, and the frequency of monitoring visits.  
 

17.1 Project Management 
 
The CRO project manager (PM) will collaborate with Aurum to manage the conduct of the study. 
The PM tasks and activities include but are not limited to: 
•     Arranging, preparing, and conducting project team training, including self-training of all Clinical 

Research Associates.  
•     The customising of appropriate monitoring tools and set-up of electronic tracking systems for 

local project management. 
•    Aurum will be responsible for the set-up and maintenance of an in-house paper Trial Master 

File (TMF) for the sites,  
•     The oversight and tracking of study objectives, site issues, timelines and budget. 
•     Supervision of the study CRAs and internal review of site visit reports. 
•     2 Co-monitoring visits at site where PM intervention is indicated (post Sponsor authorisation).  

  
17.2 Clinical Monitoring and Site Management 

 
This study will be monitored utilizing a risk-based monitoring model and monitoring activities will 
include:  
•     Review of site essential documents. 
•     Conduct of virtual Site Initiation Visits, Interim Monitoring Visits and Close-Out Visits. Prior 

Sponsor authorisation will be sought should additional on-site visits be deemed necessary, 
over and above the budget estimates. 

• Non-data activities i.e., IP management (confirmation of receipt & storage, 100% 
accountability for Metformin & coordination of return to IP vendor), regulatory file 
review. 

• 100% Informed Consent Form review for all enrolled subjects only 
• 100% Investigational Product accountability (Metformin Arm) 
• 100% SDV of five enrolled participants in treatment group. (3 at Tembisa CRS and 2 

at CHRU Isango Lethemba TB CRS) 
• 25% SDV of remaining enrolled subjects in treatment arm (n=107). 
• 25% SDV of control group (n=30).    
• 100% SAE review: 11 SAEs expected.  
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• Collection and review of site essential documents for IP release and site readiness 
• Regular inter-visit site contact and follow-up as appropriate. 
• Site support activities including re-training 

 
•    

17.3 Systematic off-site document and data review and analysis 
 
Before each visit, the CRA will contact the site to schedule a mutually convenient visit date. After 
a date has been set, a letter will be sent to the Investigator and other appropriate study staff to 
confirm the date and time and to explain objectives of the visit. After the visit, the CRA will send 
a follow-up letter to the investigator and other appropriate study staff, detailing accomplishments, 
action items, and any GCP non-compliances. The monitoring visits should be conducted in 
accordance with the Scope of Work compiled and agreed upon by both Aurum and the CRO.   
  

17.4 On-Site Monitoring  
 
As for most grant funded studies, an onsite QC monitor will monitor all source documents to 
ensure all procedures were conducted and will do source document verification of selected data 
captured of all enrolled participants at each site. On-Site monitoring should be conducted in 
accordance with the Site Monitoring Plan and completed within timelines defined in the plan. In 
summary, all data capture is to be completed, source verified and database queries raised and 
answered within 5 working days of the completed participant visit. AURUM and/or the CRO will 
track this metrics in real-time and address timeline associated issues on needs and or case-by-
case basis. 
  

17.5 Sponsor Audits 
 
The purpose of these additional auditing visits is to validate data integrity, review additional 
participant records and to assess the performance of the CRO. A formal audit plan developed by 
Aurum, for this purpose will be shared prior to commencement of the screening and enrollment 
epoch. 
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18 HUMAN SUBJECTS PROTECTION 
 

18.1 Ethics Committee/Institutional Review Board 
 
Human subject research activities are subject to the U.S. Federal Policy for the Protection of 
Human Subjects (also known as the Common Rule). This clinical trial will be conducted according 
to the ethical principles of the World Medical Association’s Declaration of Helsinki (updated 
October 2013), the International Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) guidelines for Good Clinical Practice (ICH-GCP), and all 
local regulatory requirements as applicable. 
 
Applications have been approved by the EC/IRB of each participating institution and by SAHPRA, 
whose approval is required in order to conduct a clinical trial in South Africa. The purpose of the 
SAHPRA is to establish the safety, quality, and efficacy of the medication in keeping with the 
current knowledge at the time of consideration of data in the conduct of the clinical trial.  
 
Collaborating institutions, University of Massachusetts Medical School, the Aurum Institute, SIgN, 
University of Cape Town, and NICD (Wits Health Consortium), have a current U.S. Federal Wide 
Assurance (FWA) issued by the U.S. Office for Human Research Protections (OHRP). UMMS will 
obtain signed assurances from each participating institution, their FWA numbers and copies of 
their IRB approvals. 
 
Institutional Review Boards/Ethics Committee 
University of Massachusetts Medical School 
Dr. Hardy Kornfeld, the Protocol Co-Chair and Contact PI at UMMS, is responsible for overall 
project management, oversight of the clinical trial, fundamental research activities and 
communications, communication with NIAID, statistical analysis, and compliance with US 
regulations. The UMMS IRB signed an IRB Authorization Agreement with WHREC.  
 
The Aurum Institute 
Under the direction of Prof Robert Wallis (MPI, Investigator of Record and Protocol Chair), The 
Aurum Institute will operate the research site and implement the clinical protocol in compliance 
with local regulations. 
 
Singapore Immunology Network 
Under the direction of Dr. Amit Singhal (MPI), the Singapore Immunology Network (SIgN) will 
implement the basic science studies (Aim 2 in the grant).  His group will perform systems biology 
studies on participant samples. As SIgN will receive de-identified samples and will not have 
access to personal identifying information, SIgN’s Ethics Committee (National University of 
Singapore, IRB) considers this a low risk project, and will conduct an expedited review.  
 
University of Cape Town  
Prof. Gary Maartens, Co-Investigator at University of Cape Town (UCT), and his group will 
develop the metformin assay; perform drug assays for metformin, isoniazid, rifampicin and 
pyrazinamide; and analyze the pharmacokinetic data used non-linear mixed effects modelling. 
Once the WHREC approves the protocol, it will go through expedited review at the UCT Human 
Research Ethics Committee. Since UCT will have no access to personal identifying identifications, 
the EC considers it low risk and will conduct an expedited review.  
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Protection of Human Subjects Training and Certification 
All personnel will complete an accredited educational program on the protection of human 
research participants and have current training certifications.  All personnel at the Aurum Tembisa 
CRC and Isango Lethemba TB Research Unit undergo GCP training upon hiring and will be 
recertified at least every three years. All personnel at UMMS complete the NIH certified online 
human subjects protection (HSP) training course. 
 
Aurum Regulatory Manager, Ms. Stacey Lawrence will oversee study regulatory requirements. 
The PD/PIs at each of the collaborating institutions are responsible for ensuring that all personnel 
receive training appropriate for the individual’s level of involvement in research. The PD/PIs are 
also responsible for ensuring that new staff members receive this training within 90 days and are 
adequately supervised during the period prior to training. Training records will be maintained at 
the site and include the trainee’s name, date of training, name/affiliation of trainer, title of course, 
and primary contents covered in the training. Personnel will receive training prior to the screening 
or enrollment of the first participant and repeat this training every three years. The PD/PIs are 
responsible for managing the regulatory requirements at their respective institutions. 
 
This clinical trial will be conducted at the Aurum Tembisa CRC and Isango Lethemba TB 
Research Unit, under the auspices of The Aurum Institute and the WHREC. Ethical approaches 
to recruitment and principles and process for informed consent are adhered to. Standard systems 
are implemented to avoid breaches in confidentiality where all participants are assigned a unique 
identification number and confidential information is stored safely. Systems to monitor reported 
AEs and social harms are in place. Risk reduction counselling and referral for treatment are 
meticulously and consistently implemented.  
 
Quality control systems are implemented to ensure that research procedures involving human are 
maintained on an ongoing basis according to established SOPs for the conduct of clinical trials at 
the CRC and according to protocol requirements. This study adheres to the local Good Clinical 
Practice Guidelines (GCP guidelines), ICH-GCP guidelines as well as NIH guidelines to ensure 
that all regulatory and ethical considerations have been met, that the rights and safety of the study 
participants have been maintained, and that all the protocol requirements are followed. 
 
The DAIDS Medical Officer (MO)/Program Officer (PO) will provide a preliminary assessment of 
the accuracy and completeness of the informed consent document prior to the Scientific Review 
Committee (SRC). The DAIDS MO/PO provides oversight and review of IC documents submitted 
to DAIDS and for ensuring that the IRB/EC has reviewed and approved the ICF reflecting the 
current version of the protocol. The DAIDS Regulatory Affairs Branch (RAB) Human Subjects 
Protection (HSP) Team provides oversight and review of the submitted IC document (s) at the 
time of SRC review and, if applicable, full regulatory review. 
 
Each institution (UMMS, The Aurum Institute, SIgN, and University of Cape Town) will ensure that 
this protocol, informed consent documents, and all study-related documents are reviewed and 
approved by their respective EC/IRB prior to protocol implementation. Written informed consent 
will be obtained from each participant prior to any protocol-specified procedures being conducted. 
The protocol, informed consent and assent forms will be reviewed and approved by the IRB or 
EC prior to any protocol-specified procedures being conducted.  
 
The PD/PIs are responsible for ensuring that the protocol is reviewed by the EC/IRB of their 
respective institutions. The investigators will inform the IRB/EC as to the progress of the study at 
applicable as defined by the IRB/EC policy. 
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Protocol Amendments 
The study team will send all protocol amendments and consent changes to the DAIDS Medical 
Officer for review prior to submitting the protocol amendments and consent changes to the 
involved EC/IRBs.   
 
Letters of Amendment  
All DAIDS-approved changes to the protocol, informed consent(s) and other study-related 
documents. Amendments and Letters of Amendment (LoA) will be approved by sites’ EC/IRB 
prior to implementation. This protocol includes the applicable DAIDS-approved template protocol 
registration language for amendments and registrations. See section 19.1 for protocol registration 
and LoA registration. If enrolled participants are in apparent immediate danger, the IoR or 
designee may immediately implement changes to the research to eliminate the danger before 
EC/IRB approval is obtained. These instances will be documented in writing in the site’s regulatory 
file and EC/IRB approval will be obtained at the earliest feasible date. 
 
Continuing Review and Approval 
EC/IRB continuing review and approval will be obtained at least once per year. If there is a lapse 
in continuing review, all ongoing research activities will stop, unless the investigator determines 
that it is in the best interest of already-enrolled participants to continue their study-related 
activities. However, new participants will not be enrolled on the study until EC/IRB approval to 
continue the research is obtained.  
   

18.2 Vulnerable Participants 
 
The METHOD trial will recruit and enroll vulnerable participants as defined under South African 
GCP: HIV+; unemployed; illiterate; females.   
 

18.2.1 Pregnant women and fetuses 
 
The METHOD trial will enroll adult participants only and pregnancy is an exclusion criterion for 
enrollment. Female participants who become pregnant during the study will be withdrawn (see 
Section 13.3). 
 

18.2.2 Prisoners 
 
No prisoners will be enrolled in the METHOD trial. Participants who become prisoners during the 
course of the study will be withdrawn. 
 

18.2.3 Children 
 
The METHOD trial will test the safety of metformin as HDT for TB in adults with HIV co-infection. 
Children will not participate in this trial on the basis of safety considerations and the evaluations 
necessary for the primary and secondary outcomes measures. While metformin appears to be 
safe in obese pediatric patients with type 2 DM 134 nothing is known about its safety in non-diabetic 
children with HIV and TB co-infection. Furthermore, sputum culture has low sensitivity for TB 
diagnosis in children 135 and this parameter is the basis for an important efficacy outcome measure 
of the study.   
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18.2.4 Illiterate participants 
 
Participants who speak and understand the language used during the consent discussion and in 
the informed consent form (ICF) but who are unable to read or write (illiterate) can be enrolled in 
the METHOD trial by "making a mark" on the informed consent form as described in  SOP 
“Obtaining Informed Consent” and the SOP “Consenting of Illiterate Participants”. Briefly, consent 
must be obtained in the presence of an impartial witness who is independent of the study and 
who is present throughout the entire consent process. If the participant cannot understand any 
language into which the informed consent forms (ICFs) have been translated, consent may be 
obtained in the participant’s preferred language in the presence of an impartial witness and a 
translator. The researcher must record on the ICF that consent was obtained verbally from a 
translator. The translator and the witness must complete and sign their respective sections of the 
ICF. 
 

18.3 Informed Consent 
 

18.3.1 Informed Consent Process 
 
Informed consent is a process that will be initiated prior to the individual’s agreeing to participate 
in the study and will continue throughout the individual’s study participation. Extensive discussion 
of risks and possible benefits of this therapy will be provided by study staff to potential participants 
(and, with permission from potential participants, their families). Potential participants will receive 
counselling about study objectives and procedures, potential toxicities, and the informed consent 
process. Consent forms describing in detail the study interventions and products, study 
procedures and risks will be given to the participant and written documentation of informed 
consent will be required prior to starting intervention/administering study product. Consent forms 
will be IRB approved, will contain all the elements required by the ICH E6 Guideline for Good 
Clinical Practice and any additional elements required by local regulations. Forms written in 
English will be available for IRB and sponsor review. The approved forms will be translated into 
the Sepedi, Zulu, Xitsonga, Afrikaans, Xhosa and Sesotho languages. 
 
The process of obtaining informed consent from literate and illiterate participants is described in 
Aurum’s SOP “Obtaining Informed Consent”, and the SOP “Consenting of Illiterate Participants” 
as noted in Section 18.2.4. The participant will sign or mark the informed consent document prior 
to any procedures being done specifically for the study. The participants will have the opportunity 
to discuss the study with their surrogates or think about it prior to agreeing to participate. The 
participants may withdraw consent at any time throughout the course of the trial. A copy of the 
signed and dated informed consent document will be given to the participants for their records. 
The rights and welfare of the participants will be protected by emphasizing, to participants, that 
the quality of their medical care will not be adversely affected if they decline to participate in this 
study. During the informed consent process, the participant will receive information about 
compensation to reimburse them for their time expenses. This compensation does not represent 
payment for study participation. Participants will also be offered food in the form of snacks during 
most clinic visits and meals during the longer visit for PK sampling (V05). 
 

18.3.2 Documentation of Informed Consent 
 
Written informed consent will be obtained from all participants, including illiterate participants as 
described in Sections 18.2.4 and 18.3.1.  
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18.3.3 Waiver of Informed Consent 
 
Waiver of informed consent by METHOD trial participants is not permitted. 
 

18.3.4 Waiver of Documentation of Informed Consent 
 
Waiver of informed consent by METHOD trial participants is not permitted. 
 

18.3.5 Stored Samples and Associated Data Considerations 
 
Samples of PBMC, plasma, serum, RNA and DNA will be isolated from blood samples collected 
at the Aurum Tembisa CRC only and stored on site at the Aurum Tembisa CRC. Samples from a 
subset of participants will be processed and used for flow cytometry, proteomics or transcriptomic 
evaluations within days to weeks, depending on the nature of the sample and batch wise 
considerations. Other samples may be stored for up to 5 years for future cytometry, proteomic 
and transcriptomic studies as determined by results from the initially evaluated samples and by 
available funding. Genomic studies related to the objectives of the METHOD trial will be limited 
to the epigenetic studies and pharmacogenomics analysis (single nucleotide polymorphisms) of 
genes linked to metformin elimination (see Section 10.1.8).  
 

18.4 Risks 
 
Risks for the omics control group are limited to minor risks associated with venipuncture 
(faintness, inflammation of the vein, pain, bruising, or bleeding at the site of puncture), the 
inconvenience of multiple visits to the Aurum Tembisa CRC and Isango Lethemba TB Research 
Unit, and the risk for violation of privacy. The Aurum Tembisa CRC and Isango Lethemba TB 
Research Unit staff have extensive experience with phlebotomy in the context of clinical trials and 
they will ensure best practices to minimize the risk of these complications. 
Treatment of TB and HIV co-infection is complex and subject to drug-drug interactions, adverse 
drug reactions and treatment failure. All treatment arm participants in the METHOD trial will meet 
the criteria for concurrent ATT and ART, and they would receive this treatment regardless of 
participation in the study. The risks shared by participants in the metformin and standard 
treatment arms of the trial are therefore limited to minor risks associated with venipuncture 
(faintness, inflammation of the vein, pain, bruising, or bleeding at the site of puncture), the 
inconvenience of multiple visits to the Aurum Tembisa CRC and Isango Lethemba TB Research 
Unit and the risk for violation of privacy. Participants randomized to the metformin arm will have 
additional significant risks relating to adverse drug reactions specific to metformin and drug-drug 
interactions between metformin and ATT and ART drugs. Information on metformin-associated 
risks is presented in the package insert (Appendix O) and in Protocol Section 12. Key risks will 
be summarized here.     
 
Lactic acidosis (LA) is a potentially life-threatening adverse effect that may be associated with 
metformin, particularly in the context of associated risk factors such as hypoperfusion or 
concurrent administration of drugs having mitochondrial toxicity. Previous generations of ART 
drugs had relatively high potential for mitochondrial toxicity. This risk is lower with newer 
generation agents but could occur with current first line ART in combination with metformin as 
suggested by rare case reports 116;117. Symptomatic hyperlactatemia without acidosis can also 
occur with metformin use. Lactate will be tested as needed if a participant reports compatible 
symptoms and metformin will be stopped if the lactate is >4.4 mmol/L. The development of LA is 
unpredictable making scheduled laboratory evaluations for prevention. Risk is mitigated by 
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excluding individuals with conditions thought to be risk factors for LA. If life-threatening LA is 
detected in a METHOD cohort participant, dialytic therapy is available close to the sites. 
 
It is likely that high proportion of participants will experience mild, transient GI symptoms in the 
period of metformin initiation. In some individuals, GI intolerance is more severe and precludes 
continued use of the drug. Weight loss can result from anorexia and/or diarrhea associated with 
use of metformin. Baseline BMI <17.0 kg/m2 is an exclusion criterion. Body weight will be 
monitored at all follow-up visits and metformin stopped if and weight declines by >6% of the 
baseline value. 
 
Participants in the metformin arm will be at risk for hypoglycemia although this rarely occurs 
without concurrent use of other anti-diabetic agents. Risk is mitigated by excluding individuals 
with DM, by giving metformin at a low total daily dose of 1000mg with meals, by counselling 
participants with respect to symptoms of hypoglycemia and actions to take if symptoms occur, 
and by checking random blood glucose levels with a glucometer at all scheduled visits during the 
period of study drug exposure (weeks 2 through 12). Use of metformin can be associated with 
vitamin B12 insufficiency, which will be mitigated by vitamin B12 supplementation. Other adverse 
effects that have been reported on metformin include hepatic dysfunction, flu-like symptoms and 
hypersensitivity.      
 

18.5 Social Impact Events 
 
Individuals enrolled in this study may experience personal problems resulting from the study 
participation. Such problems are termed social impact events. Although study sites will make 
every effort to protect participant privacy and confidentiality, it is possible that participants' 
involvement in the study could become known to others, and that participants may experience 
stigmatization or discrimination as a result of being perceived as being HIV-infected or having 
active TB disease. For example, participants could be treated unfairly, or could have problems 
being accepted by their families and/or communities. Problems may also occur in 
circumstances in which study participation is not disclosed, such as impact on employment 
related to time taken for study visits. 
 
In the event that a participant reports a social impact event, every effort will be made by study 
staff to provide appropriate assistance, and/or referrals to appropriate resources. Social impact 
events are documented and reviewed on a scheduled basis by the protocol team leadership 
with the goal of reducing their incidence and enhancing the ability of study staff to mitigate them 
when possible. 
 
Social impact events that are judged by the IoR/designee to be serious, unexpected, or more 
severe or frequent than anticipated, will be reported to the responsible site’s EC/IRB promptly, or 
otherwise in accordance with the EC/IRB’s requirements. 
 

18.6 Benefits 
 
Participants in the treatment arms of this study will benefit from careful medical care; and may 
benefit in the future from information learned in the study. They will also benefit from intensive 
monitoring of TB treatment that exceeds the standard of care in the community. Participants in 
the metformin arm could benefit from accelerated resolution of TB and relative preservation of 
lung function after ATT completion. If metformin demonstrates HDT efficacy in this study it could 
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lead to improved TB treatment in HIV+ individuals, which would be a considerable benefit to 
society. Participants in the omics control group will receive no benefit from their participation. 
 

18.7 Compensation 
 
Enrolled METHOD trial participants will be reimbursed R300 per standard visit for their time, 
inconvenience, and expenses. In the treatment arm of the study, participants will be reimbursed 
R450 at V06 (week 5) for sparse PK sampling and WBA that may take up to 6 hours. Participants 
sequentially selected for intensive PK sampling will be reimbursed R1000 per night at V06 (week 
5) as this will be an overnight stay at the Aurum Pretoria CRC (this is only applicable to the 
Tembisa CRC).  
 

18.8 Participant Privacy and Confidentiality 
 
All participant-related information including case report forms, laboratory specimens, evaluation 
forms, reports, etc., will be kept strictly confidential. All records will be kept in a secure, double 
locked location and only research staff will have access to the records. Participants will be 
identified only by means of a coded number specific to each participant. All computerized 
databases will identify participants by numeric codes only and will be password-protected. Upon 
request, participant records will be made available to the study sponsor, the sponsor’s 
monitoring representative, a participating pharmaceutical sponsor and representatives of 
applicable regulatory entities.  
 

18.9 Certificates of Confidentiality 
 
An application for human participant approval has been submitted to the UMMS IRB, the applicant 
organization, and the WHREC, for the Aurum Tembisa CRC and Isango Lethemba TB research 
Unit.  
 

18.10 Critical Event Reporting 
 
Critical events (CE) include the following classes:  

• Unanticipated Problems  
• Serious or Continuing Noncompliance  
• Suspension or Termination of EC/IRB Approval  
• Suspected Research Misconduct 

 
The METHOD trial will report AEs to WHREC and SAHPRA as specified in SOP-IEC-005v6, 
Adverse Events Processing (Appendix E) and in the SAHPRA document Reporting Adverse Drug 
Reactions in South Africa version 1_2 (Appendix F), respectively. The following documents will 
be provided: 

• Protocol related documents (e.g., protocol number, ICFs)  
• Copies of applicable source documents, CRFs, or other materials that provide details 

about the incident  
• Any other available information that will help determine if a critical event has occurred  

 
Unanticipated Problems 

• Unanticipated Problems (UPs) are defined by having these three characteristics: 
• The adverse event is unexpected 



METHOD Trial Protocol Version 15.0                                             Protocol Number: AUR1-1-199 
Date:  19 August 2024  
______________________________________________________________________________________  

79 
 

• A reasonable possibility that the adverse event is related to participation in the study 
• The adverse event suggests that the research places participants or others at a greater 

risk of harm than was previously known or recognized 
The PI/IoR or designee will notify WHREC and SAHPRA when a UP involving risk to participants 
or others has occurred, in accordance with policies of the participating institutions. In addition, all 
SUSARs will be reported to the DAIDS MO within 5 days of being reported to the site. The PI or 
designee will determine if immediate suspension of some (e.g., suspend enrollment for new 
participants) or all research activities is warranted while the UP is being evaluated. The PI or 
designee will determine if immediate suspension of some (e.g., suspend enrollment for new 
participants) or all research activities is warranted while the UP is being evaluated. The PI/IoR or 
designee will follow the actions directed by WHREC, SAHPRA, and/or other relevant entity. 
Timely updates will be provided to the appropriate WHREC and SAHPRA staff members on all 
follow-up reports and communications. A follow-up or final report will be submitted within 15 
calendar days that he/she becomes aware of the event and continue to provide updates until the 
critical event issue is resolved.  
 
The EC/IRBs of all participating institutions will review reports of UPs involving risks to participants 
or others. They will approve corrective actions per institutional policy and ensure that these 
actions are implemented to protect the rights and welfare of all participants and remediate the 
situation.  
 
The awardee institution (UMMS) will ensure the NIAID Clinical Terms of Award and Terms of the 
FWA for the Protection of Human Subjects are met. The institution will ensure there is prompt 
reporting of the UP to WHREC, SAHPRA 
, the EC/IRBs of all participating institutions, the DAIDS PO and MO, and applicable regulatory 
entities, including OHRP and FDA, when appropriate. The awardee institution will assure that 
appropriate actions have been taken by all subawardees (Aurum, SIgN  UCT, and Port Elizabeth) 
and that required reports have been sent to applicable regulatory entities.  
 
Serious or Continuing Noncompliance 
When serious or continuing noncompliance has occurred, the PI/IoR or designee will provide an 
initial report to WHREC and SAHPRA as soon as possible, but no later than 3 reporting days after 
he/she becomes aware of the noncompliance. He/she will determine if immediate suspension of 
some (e.g., suspend enrollment for new participants) or all research activities is warranted while 
the noncompliance is being evaluated. The PI/IoR or designee will follow the actions directed by 
WHREC, SAHPRA or other relevant entity. Timely updates will be provided to the DAIDS PO and 
MO, or designee on all follow-up reports and communications. The PI/IoR or designee will submit 
a follow-up or final report within 15 calendar days of becoming aware of the noncompliance and 
continue to provide updates until the critical issue is resolved. The report(s) will include all the 
information related to the noncompliance that is available at the time, including corrective actions. 
 
The WHREC and/or SAHPRA will determine when serious or continuing noncompliance has 
occurred or review noncompliance reports from other entities. The WHREC and/or SAHPRA will 
approve corrective actions per institutional policy and ensure that these actions are implemented 
to protect the rights and welfare of all participants and remediate the situation.  
The awardee institution (UMMS) will ensure the NIAID Clinical Terms of Award and Terms of the 
FWA for the Protection of Human Subjects are met. The awardee institution will ensure there is 
prompt reporting of the serious or continuing noncompliance to their EC/IRB and appropriate 
institutional officials, the DAIDS PO and MO, and applicable regulatory entities, including OHRP 
and FDA, when appropriate. The awardee institution will assure that appropriate actions have 
been taken by all subawardees and that required reports have been sent to applicable regulatory 
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entities. The subawardee institutions will ensure: that the terms of the FWA for the Protection of 
Human Subjects are met; that there is prompt reporting of the serious or continuing 
noncompliance to the local EC/IRB and other institutional officials per its institutional policy; and 
that the awardee institution is informed of the serious or continuing noncompliance and actions 
taken.  
 
Suspension or Termination of EC/IRB Approval 
The EC/IRB will promptly notify the investigator and institutional officials in writing of any 
suspension or termination of its approval, including the reason(s) for this action. The EC/IRB will 
further approve corrective actions to ensure that the rights and welfare of all participants are 
protected and to remediate the situation.  
 
The awardee institution (UMMS) will ensure the NIAID Clinical Terms of Award and Terms of the 
FWA for the Protection of Human Subjects is met. The institution will ensure there is prompt 
reporting of the suspension or termination of EC/IRB approval to appropriate institutional officials, 
the DAIDS PO and MO, OHRP, and FDA (when applicable). The awardee institution will further 
assure that appropriate actions have been taken by all subawardees and that required reports 
have been sent to applicable regulatory entities, including OHRP and FDA, when applicable. The 
subawardee institutions will ensure the Terms of the Federalwide Assurance (FWA) for the 
Protection of Human Subjects are met. The subawardee institutions will ensure: that there is 
prompt reporting of the suspension or termination of EC/IRB approval to the local EC/IRB and 
other institutional officials per its institutional policy; and hat the awardee institution is informed of 
the suspension or termination of IRB/EC approval and actions taken. 
 
The PI/IoR or designee will notify DAIDS as soon as possible, but no later than 3 reporting days 
after becoming aware of the suspension or termination of EC/IRB approval, through the DAIDS 
Protocol Registration System (DPRS) if the EC/IRB suspends or terminates part or all of the 
research activities for the study. The PI/IoR will: notify the DAIDS PO or COR directly if the study 
is not registered through the DPRS; report the EC/IRB actions to the relevant protocol team and 
network leadership; forward a copy of all correspondence from the EC/IRB pertaining to the 
suspension or termination, including corrective actions; follow the action(s) as directed by the 
IRB/EC, DAIDS, or other relevant entity; and provide timely updates to DAIDS on all follow-up 
reports and communications. Research will not be resumed unless and until the PI/IoR receives 
written communication from the EC/IRB that it has reapproved the study, and concurrence from 
DAIDS.  
  
Suspected Research Misconduct 
The awardee institution (UMMS) will investigate whether an allegation of fabrication, falsification, 
or plagiarism is research misconduct. The institution will coordinate the handling of research 
misconduct allegations originating at the subawardee’s site. Research misconduct records will be 
retained in accordance with Federal guidelines and regulations.   
 
The awardee institution will retain research misconduct records, meeting the requirements of 
DAIDS Policy on Storage and Retention of Clinical Research Records per Federal guidelines and 
regulations (PHS 42 CRF 93.223 & 93.224). 
 
Site staff, including site personnel and the PI/IoR or designee will follow the institution’s policy, 
procedure, and process for reporting allegations of research misconduct, including protecting the 
confidentiality of the person(s) making an allegation of research misconduct, the person(s) against 
whom the allegation of research misconduct is directed, and the study participants. Site personnel 
will report allegations of research misconduct to the PI and/or designee within 24 hours of 
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becoming aware of the incident. If site personnel cannot notify the PI/IoR or designee for fear of 
retribution or another reason, the site personnel will notify an appropriate person within their 
institution and DAIDS. The PI/IoR or designee will notify the institutional Research Integrity 
Officer, the EC/IRB, and the appropriate DAIDS staff member of all applicable, known facts about 
the allegation. The PI/Ior or designee will review the available information and assess whether 
the allegation of research misconduct represents an additional class of Critical Event and will 
determine if immediate suspension of some (e.g., suspend enrollment for new participants) or all 
research activities is warranted while the allegation is being evaluated.  
The institution’s Research Integrity Officer and/or designee will follow NIH and institutional policies 
when assessing the allegation to determine whether the allegation: 

• Meets the definition of research misconduct  
• Involves PHS23 supported research, research training, or research records 
• Is sufficiently credible and specific so that potential evidence of research misconduct may 

be identified  
 
The institution’s Research Integrity Officer will ensure that the EC/IRB has been notified of the 
research misconduct allegation and any decision to open an investigation. It is the responsibility 
of the PI/IoR to inform DAIDS of the institution’s interim and final actions in response to the 
investigation of research misconduct allegations. 
 
Critical Event Reporting 
For unanticipated problems involving risks to participants or others, serious or continuing 
noncompliance, or suspension or termination of EC/IRB approval, a report submitted to DAIDS 
will include the following:  

• Name of the institution conducting the research 
• Title of the research project in which the problem, noncompliance or 

suspension/termination occurred 
• Name of the PI and IoR on the protocol 
• Research project number assigned by the ECIRB and the number of NIAID/DAIDS award 
• A detailed description of the critical event 
• A description of the plans and/or actions taken by the institution to address the critical 

event  
 

18.11 Communicable Disease Reporting 
 
Participants in the METHOD trial will be recruited from public health clinics and those enrolled will 
have documented active TB disease and HIV infection. This information will be known to the local 
public health authorities. 
 

18.12 Incidental Findings 
 
There is potential for incidental findings (IF) concerning individual participants METHOD trial since 
the planned clinical evaluations, including physical examinations, clinical laboratory tests, chest 
X-rays and pulmonary function tests far exceed the standard of usual care for TB/HIV patients in 
the local community. If such findings are determined by the Aurum Tembisa CRC and Isango 
Lethemba TB Research Unit, medical staff, per the ICF, participants have the option to choose to 
be informed about these findings or not, which may possibly warrant additional investigation or 
treatment. Those participants who opt-in will be notified without delay and, with permission from 
the participant, the CRC staff will ensure referral to the appropriate community provider (e.g., 
public health clinic) as indicated by the nature of the incidental finding.  
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Research laboratory evaluations are purely investigational in nature with no basis in evidence or 
regulatory approval to suggest any change in clinical management. The only use of participant 
DNA samples would be for epigenetic studies and pharmacogenomics analysis of a restricted set 
of genes associated with metformin disposition. None of these targets are implicated in genetic 
diseases and data on polymorphisms in these particular genes is not recognized as contributing 
to medical management.  
 

18.13 New Findings 
 
New findings that, in the assessment of the Principal Investigator/Investigator of Record (PI/IoR), 
might impact the willingness of an enrolled participant to continue in the METHOD trial will be 
conveyed in writing to the participant. Such new findings will also be discussed in person with the 
affected participant. If, in the judgement of the PI/IoR, the new finding does poses increased 
potential risk to the participant, then the study drug will be discontinued. If, in the judgement of 
the PI/IoR, the new finding does not pose an increased potential risk, the study drug may be 
continued. In either case, the participant will be informed of the option to withdraw from the study. 
The PI/IoR will notify the EC/IRB of any new findings that may impact the willingness of individual 
to enroll in the study or enrolled individuals to continue in the study. The EC/IRB will determine 
whether revisions in the ICF(s) are required, and whether participants already enrolled in the study 
will be required to re-consent using a revised, approved ICF(s). 
 

18.14 Study Discontinuation 
 
The study may be discontinued at any time by the EC/IRB, SAHPRA, NIAID, or other 
government entities as part of their duties to ensure that research participants are protected. 
Termination could occur after the development of unacceptable toxicities or as a 
recommended outcome of a Data Safety Monitoring Board (DSMB) review. 
 

18.15 Post-Trial Access 
 
Post-trial access is not applicable for the omics control group. For the intervention group, 
metformin is approved worldwide for the treatment of type 2 DM.  It is commonly used off-label 
for other indications including pre-diabetes, polycystic ovary syndrome and HIV-associated 
lipodystrophy and metabolic syndrome. While there is no limitation for post-trial access to this 
drug, results from the METHOD trial will not provide a sufficient basis in evidence to justify its use 
as HDT for TB. It is anticipated that positive results of the METHOD trial would provide a rational 
basis and motivation to conduct a Phase 3 clinical trial to confirm its efficacy for adjunctive 
treatment of TB. 
 

18.16 Ancillary Benefits 
 
Participants will receive treatment for TB and HIV through the local public health clinic system 
during the period of their involvement in the METHOD trial. Medical staff at the Aurum Tembisa 
CRC and Isango Lethemba TB Research Unit will work with these and other local authorities to 
provide ancillary care, if needed, for study participants. 
 
 

18.17 Community Advisory Group and Other Stakeholders 
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The Aurum Tembisa CRC and Isango Lethemba TB Research Unit operates with a Community 
Engagement Unit, study coordinators, social workers, field workers/counsellors and 4 interns. 
This unit promotes social mobilization (door-to-door campaigns, community outreach events 
including HIV commemorative events) and education (onsite training and community briefings). 
A 20-member Community Advisory Group (CAG) was established in July 2011, for the Aurum 
Tembisa CRC. The CAG includes people living with HIV/AIDS, ex-TB patients, HAST 
coordinators and Clinic Heads, among others. The remit of the CAG is to: 

• Enhance transparency and bridge the gap between Aurum and the community  
• Represent and advocate for the needs and interest of the community  
• Ensure that the community has a voice in decision-making that affects their health  
• Advise on the best ways to implement health programs and conducting clinical trials  

 
The CAG will be involved in the planning and implementation of the METHOD trial to ensure that 
the community is educated as to the study aims, plans, risks and benefits.  
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19 ADMINISTRATIVE PROCEDURES 
 
Administrative procedures include EC/IRB submission and approvals, protocol registration, 
regulatory oversight, protocol modifications and implementation, and registration in Clinical 
Trials.Gov.   
 

19.1 Protocol Registration 
 
The Aurum Tembisa CRC and Isango Lethemba TB Research Unit, are network study sites. The 
Protocol Chair (Prof. Robert Wallis) will ensure that the site adheres to the Protocol Registration 
Policy. The compliance of the site with NIAID (DAIDS) policies, EC/IRB requirements, regulatory 
documents, and U.S federal regulations for investigational research with human participants are 
tracked through the protocol registration system. The system also confirms that informed consent 
forms comply with US regulations and guidelines. 
 
The DAIDS Learning Portal includes training on the DAIDS Protocol Registration (PR) Policy and 
Manual, on the web-based system (DPRS) and is used to submit PR documents. The METHOD 
trial staff responsible for preparing and submitting PR documents and those involved with 
reviewing or tracking PR documents will attend the training.   
 
Protocol Registration Training 
Staff will attend the training in order to use the DPRS web-based system and to comply with the 
PR policy.  Aurum regulatory will submit PR material through the DPRS. Prior to implementing 
the protocol and enrolling participants,   the sites  will receive approval to conduct the study from 
the EC/IRBs and other regulatory entities, complete the PR process with the DAIDS Protocol 
Registration Office (DAIDS PRO), and receive a registration notification from the DAIDS PRO 
indicating successful completion of the initial PR process. If notification of disapproval is received, 
corrective materials will be resubmitted to the DAIDS PRO. The sites will begin enrollment once 
it is notified by the DAIDS Program Officer or Contracting Officer. 
 
Protocol Registration Submission and Modifications 
After receiving the final approval of the protocol and informed consent documents from the 
EC/IRBs and other regulatory entities, the IoR and other MPIs will ensure that Aurum regulatory 
submits all the required protocol registration documents to the DAIDs PRO and all protocol 
registration requirements are met, as specified in the Protocol Registration manual. Requirements 
for the protocol registration will be decided during the review of the protocol at the time of the 
DAIDS SRC assessment or regulatory review. All final decisions regarding modifications of the 
PR process made by the DAIDS PRT and DAIDS staff will be documented and be shared with 
the DAIDS staff and the Protocol Team/Protocol PI/Grant PI/Contract PI. 
 Aurum regulatory will submit the DAIDS-approved amended protocol and ICFs to the UMMS IRB 
in the US within 45 calendar days and non-US EC/IRBs within 75 days. They will also submit the 
noted materials to SAHPRA. If the timeline cannot be met, the justification will be provided with 
the registration packet submission to the DAIDS PRO and a copy kept in the regulatory file. Once 
approved, the amended protocol and ICFs will be implemented immediately. A final registration 
notification from the DAIDS PRO is not required prior to implementing an amendment. 
 
Aurum regulatory will submit the required EC/IRB and SAHPRA approved amendment 
registration documents to the DAIDS PRO within 14 calendar days after receipt of all final written 
documentation of EC/IRB and SAHPRA approval for the amendment. The documentation will 
include the date that the amended protocol and ICFs were submitted to the EC/IRBs and 
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SAHPRA. The Aurum Tembisa CRC and Isango Lethemba TB Research Unit will document the 
date that they received EC/IRB/SAHPRA approvals in the site’s regulatory files. The DAIDS PRO 
will notify (registration notification) regulatory team that it has successfully completed the 
amendment protocol registration process. 
 
 Aurum regulatory will complete the protocol registration process, approved by the DAIDS SRC. 
Upon receiving EC/IRB/SAHPRA approvals, the Aurum regulatory will submit all required protocol 
registration documents to the DAIDS PRO through the DAIDS PR System. The Aurum Tembisa 
CRC and Isango Lethemba TB Research Unit will place a copy of all final registration notifications 
from the DAIDS PRO in the site’s regulatory files. 
 
Once DAIDS approves a letter of amendment (LoA), the Aurum regulatory will submit the LoA 
and other required materials within 45 calendar days to the UMMS IRB and 75 calendar days to 
the non US EC/IRBs from the date the LoA was approved by DAIDS. If the Aurum regulatory team 
is unable to submit the LoA within the designated timeline to the UMMS IRB or the non US 
EC/IRBs, the Aurum regulatory team will provide a justification with the packet submission to the 
DAIDS PRO and file a copy in the regulatory file.   
 
Once the IRB approval is received, the LoA and revised ICF(s) will be implemented immediately.  
Aurum regulatory will submit the required EC/IRB and other applicable regulatory entities 
approved amendment registration documents to the DAIDS PRO within 14 calendar days after 
receipt of all final written documentation of IRB/EC/approving entity approval for the amendment. 
The Aurum Tembisa CRC and Isango Lethemba TB Research Unit will document the date of 
EC/IRB approval in the site’s regulatory files. DAIDS PRO will notify Aurum regulatory indicating 
successful completion of the LoA registration process. 
 
Continuing Review/Annual Review  
The Aurum regulatory team will submit the required EC/IRB approved Continuing/Annual Review 
documentation within 14 calendar days after receipt of final written documentation from the 
EC/IRB. The date of approval will be documented in the site’s regulatory files. Once submitted to 
the DAIDS PRO, the Aurum regulatory team will receive confirmation of submission and review. 
 
Change of IoR 
The Investigator of Record (IoR) is listed on item 1 on form 1572 or the DAIDS IoR form. If there 
is a change in the IoR, the Aurum Tembisa CRC and Isango Lethemba TB Research Unit will 
submit the required documentation to the DAIDS PRO to officially change the IoR for a protocol. 
The documentation will be done within 30 calendar days from the time of notification that the 
current IoR will no longer serve as the IoR for the study. The change of IoR is not official until the 
Aurum Tembisa CRC and/or Isango Lethemba TB Research Unit receives the Approval 
notification for the change of IoR from the DAIDS PRO.  
 
Deregistration 
The Aurum regulatory team will submit a request for deregistration to the DAIDS PRO once the 
study is completed.   Once it has been deregistered, the Aurum Tembisa CRC will receive a 
Deregistration Notification from the DAIDS PRO. The Aurum Tembisa CRC and Isango Lethemba 
TB Research Unit are not considered deregistered from a study until this notification is received. 
Upon completion of the deregistration process for a protocol, the Aurum Tembisa CRC and Isango 
Lethemba TB Research Unit will no longer receive safety information from DAIDs related to the 
protocol. 
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19.2 Regulatory Oversight 
 
Regulatory oversight for the METHOD trial rests with DAIDS, including the decision on whether 
and IND will be submitted. Within South Africa, SAHPRA is responsible for oversight of 
compliance with national regulations.  
 
The Aurum regulatory team will complete the protocol registration process for all clinical research 
sponsored by DAIDS that is reviewed by DAIDS Scientific Review Committees, namely the 
Prevention Sciences Review Committee (PSRC) and the Clinical Sciences Review Committee 
(CSRC) and if it is determined protocol Registration is required. Upon receiving final EC/IRB and 
other applicable approving entity approvals, the Aurum regulatory team will submit all required 
registration documents to the DAIDS PRO via the DAIDS DPRS 
 

19.3 Study Implementation 
 
The Study will be implemented according to the clinical protocol and the Standard Operating 
Procedures SOPs. Procedures and operations will be revised as necessary to comply with the 
requirements of DAIDS, the EC/IRB, and SAHPRA. 
 
The METHOD trial will use existing SOPs with project-specific revisions whenever possible. Prior 
to the initiation of this trial, the following SOPS are required: 

• SOP Development and Version Control 
• Personnel Qualifications 
• Personnel Training and Certification Documentation 
• Site Quality Management Plan (QMP) 
• Essential Documents 
• Source Documents 
• Reporting Adverse Events 
• Reporting Expedited Adverse Events (EAES) or SAEs to DAIDS 
• Confidential HIV Counselling and Testing Procedure 
• Unblinding for Safety  
• Laboratory SOPs 

o Biohazard Safety and Containment and Occupational Safety 
o Laboratory Data Management and Storage 
o Lab Quality Management Plan 
o Specimen Acquisition, Processing, Tracking and Storage 

▪ Lost, Broken, and Leaking Samples 
▪ Receipt and Processing all Samples 

o Specimen Transport 
▪  Shipping Specimens Locally 
▪  Shipping Specimens Internationally 

• Computer Room, Hardware, and Data Security (including system user account 
maintenance) 

• Data Acquisition, Entry, and Processing 
• Data Queries and Data Entry Correction 
• Data Collection Training 
• Data Quality Management 
• Data Storage 
• Pharmacy Operations SOPS 
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o Protocol Specific Pharmacy SOPS 
o Specific Requirements for a Particular Agent 
o Regimens and Administration 
o Protocol Specific Prescriptions 

• Monitoring SOPS 
Review and Follow-up of Monitoring Report Findings  
  

19.4 ClinicalTrials.gov 
 
 
This protocol is subject to the Food and Drug Administration Amendments Act of 2007 (FDAAA) 
and will be registered in ClinicalTrials.gov.  
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20 PUBLICATION POLICY 
 
Following completion of the study, the investigators plan to publish the results of this research in 
a scientific journal. The International Committee of Medical Journal Editors (ICMJE) member 
journals have adopted a trials-registration policy as a condition for publication. This trial will be 
registered in ClinicalTrials.gov before patient enrollment is initiated. It is anticipated that the 
results of this study will be submitted for publication in a peer-reviewed scientific journal. 
Authorship will be extended to the following individuals: study investigators, site PIs, and other 
individuals having major contribution to the study design, implementation, data analysis, and 
preparation of the written manuscript.  
 
Prior to submission for presentation or publication, any materials derived wholly or in part from 
this study must be submitted to the study PIs, site PI, and all co-authors for review.  
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Appendix A, Figure 1. Study flow for the treatment arms. 
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Appendix A, Figure 2. Study flow for the omics control group. 
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Appendix B, Table 1. Schedule of Interventional Study Procedures/Evaluations 
 
 

  
 
 
  

Screen Enroll

             Visit  00 01 02 03 04 05 06 07 08 09 10 11 12 13 Phone

       Week 0 1 2 3 4 5 6 7 8 10 12 16 24 36
  Assess eligibility X X

Consent X

Intervention1 500 1000 1000 1000 1000 1000 1000 1000 1000 STOP
ATT X X X X X X X X X X X X STOP
ART2 X X X X X

Weight3 X X X X X X X X X X X X

Physical exam4 X X X X X X X X X X X X X X

hCG5 X X X X X X

Blood glucose6 X X X X X X X X X X X

Chemistries7 X X X X

CBC X X X

CD4 X X

HIV viral load X X

HIV POC serol8 X

HBsAg X

SARS-CoV-2 PCR X

ECG X

Sputum Xpert MTB/RIF X

Sputum culture9 X X X X X X X X X X X X X

Chest x-ray X X

Spirometry X X X

6MWT10 X X X

SGRQ11 X X X

Research samples12 X X X

PK samples13 X

WBA14 X

AE Assessment X X

Blood vol. (mL) 15.5 32.0 0 0 0 2.5 20.0 0 0 35.5 0 0 7.5 29.0 0

12 
Plasma, serum, PBMC, RNA (DNA will be isolated from blood samples and stored on site at the Tembisa CRC)

13 Intensive PK sampling (14.0 mL) in 20 participants; sparse PK sampling in all others (6.0 mL)
14 

Whole blood bactericidal assay (6.0 mL) on 40 participants in the sparse PK sampling group

1 Metformin 500 mg once daily x 1 wk, then 500 mg twice daily through week-12 (V12) for metformin arm participants only
2 Participants on ART at enrollment will continue it; ART will start no later than week-8 for HIV treatment-naïve participants  
3 Weight & height will be measured at screening to calculate BMI; weight will be repeated at subsequent visits
4 Full physical exam at screening and targeted exams on follow-up visits as described in Protocol 
5 Females only
6 Fasting glucose by lab for all participants on V00; random glucose by glucometer on the indicated subsequent visits for metformin arm only
7 Includes electrolytes, creatinine and hepatic function panel (AST, ALT, ALP, total & direct bilirubin)
8 Uni-Gold and Determine point of care test strip kits 
9 MGIT liquid sputum cultures at all indicated visits, with two MGIT cultures and solid culture at baseline and week-8 (V01 & V07)
10 Six-minute walk test, recording pre and post oximetry
11 St. George's Respiratory Questionnaire
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Appendix B, Table 2. Schedule of Omics Control Group Procedures/Evaluations. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Screen Enroll

             Visit  00 01
Assess eligibility X X

Consent X

Height & weight X

Physical exam X X

hCG1 X

Fasting blood glucose X

Chemistries2 X

CBC X

CD4 X

HIV viral load X

HIV POC serol3 X

HBsAg X

SARS-CoV-2 PCR X

Sputum culture4 X

Chest x-ray X

Research samples5 X

Blood vol. (mL) 15.5 32.0
1 Females only
2 Electrolytes, creatinine, hepatic function panel
3 Uni-Gold and Determine point of care test strips 
4 MGIT liquid sputum culture
5 Plasma, serum, PBMC, RNA
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Appendix B, Table 3. Toxicity Management Algorithm 
 
Toxicities potentially caused by metformin vs ATT (INH, RIF, PZA, and EMB) or ART (TDF, FTC, and 
EVF). All grade 4 toxicities will be study endpoints whether judged related to metformin or not. 
 

   Management 
Strategy 

 

Signs/symptoms & 
evaluations 

Other potential 
causal Agent 

Grade 1 Grade 2 Grade 3 

Asthenia  Check for 
hypoglycemia and 
LA; if evaluations 
negative, then 
observe  

Stop study drug 3 
days and reevaluate 

Same as Grade 2 

Headache, dizziness, 
sleep disturbance 

TDF, FTC, EFV, 
DTG 

Observe Same as Grade 1 Hold study drug 3 
days and 
reevaluate 

Nausea, vomiting, 
diarrhea  

INH, RIF, PZA, 
TDF, FTC, EFV, 
DTG 

Review dose timing; 
observe 

Stop study drug 3 
days and reevaluate 

Same as Grade 2 

Flu-like symptoms RIF Observe Same as Grade 1 Stop study drug 3 
days and 
reevaluate 

Peripheral 
neuropathy, 
paresthesia’s, 
weakness, tingling, 
numbness 

INH Review adherence 
with vitamin B6; 
observe 

Same as Grade 2 Stop study drug for 
7 days, neurology 
consultation 

Weight loss INH, RIF, PZA, 
TDF, FTC, EFV 

Review dose timing 
and food insecurity; 
stop study drug if 
weight <10% of 
baseline and 
reevaluate in 14 days 

Same as Grade 1 Same as Grade 1 

Hypersensitivity 
(rash, itching, 
urticaria) 

INH, PZA, RIF, 
EMB, TDF, 
FTC, EFV, DTG 

If no urticaria, 
continue study drug, 
ATT, ART and treat 
with Benadryl PRN 
and observe; if 
urticarial present, 
same as Grades 2 
and 3. 

Stop study drug, ATT 
and ART; if rash 
improved in 7 days, 
restart ATT 
sequentially per ATS 
guidelines96, then 
ART, then study drug 

Same as Grade 2 

Hepatic dysfunction INH, PZA, RIF, 
FTC, TDF, EFV, 
DTG 

If asymptomatic and 
AST or ALT <5X 
ULN, continue 
treatment and re-
check HFP; check 
other causes 
including alcohol and 
acetaminophen; if 
AST or ALT ≥5X 
ULN, same as 
Grades 2 and 3 

If ALP and bilirubin 
are 
disproportionately 
increased, stop RIF 
and re-check LFTs; 
For AST or ALT ≥3X 
ULN, stop study 
drug, ATT and ART 
drugs; if AST/ALT 
improves to ≤2X ULN 
then restart ATT 
sequentially per ATS 
guidelines96, then 
ART, then study drug 

Same as Grade 2 

Hypoglycemia (blood 
glucose < 3.9 
mmol/L) 

 Treat immediately 
with 20 gm glucose 
PO; confirm 
glucometer reading 

Same as Grade 1 Same as Grade 1 
but treat severely 
symptomatic 
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with plasma glucose; 
review food 
insecurity and timing 
of study drug dose 
with meals; stop 
study drug and trend 
FPG for 3 days, then 
resume study drug 
and trend FPG for 3 
days 

hypoglycemia 
glucagon 1 mg SC  

Symptomatic 
hyperlactatemia 
(lactate >4.4 mmol/L) 

 Stop study drug; 
check for acidosis 
and for other causes 
of lactate elevation 
(Section 13.1); 
challenge with study 
drug after 3 days if 
lactate <4.4 mmol/L  

Same as Grade 1 Same as Grade 1 

Lactic acidosis TDF, FTC, EFV, 
DTG  

Stop study drug; 
check for other 
causes of lactate 
acidosis; evaluate 
need for transfer to 
Zamokhule Hospital 
or Jose Pearson TB 
hospital.  

Same as Grade 1 Same as Grade 1 

 
 




