‘@ World Health
i

¢
NN 7 ¥ Organization

7S
'\'

Report of the expert
consultation on
immunotherapeutic
interventions for

tuberculosis

Special Programme for Research & Training
in Tropical Diseases (TDR) sponsored by
UNICEF/UNDP/World Bank/WHDO




WHO Library Cataloguing-in-Publication Data

Expert consultation on immunotherapeutic interventions for tuberculosis
(2007 : Geneva, Switzerland).
Report of the expert consultation on immunotherapeutic interventions for tuberculosis Geneva, 29-31 January 2007.

1.Tuberculosis, Pulmonary - prevention and control. 2.Tuberculosis, Pulmonary - therapy. 3.Immunotherapy - utilization. 4.Antitubercular
agents - therapeutic use. 5.Tuberculosis, Multidrug-resistant - therapy. I.World Health Organization. IL.LUNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Diseases.

ISBN 978 92 4 159583 4 (NLM classification: WF 310)

Copyright © World Health Organization on behalf of the Special Programme for Research and Training in Tropical Diseases 2007
All rights reserved.

The use of content from this health information product for all non-commercial education, training and information purposes is encouraged,
including translation, quotation and reproduction, in any medium, but the content must not be changed and full acknowledgement of the source
must be clearly stated. A copy of any resulting product with such content should be sent to TDR, World Health Organization, Avenue Appia, 1211
Geneva 27, Switzerland. TDR is a World Health Organization (WHO) executed UNICEF/UNDP/World Bank/World Health Organization Special
Programme for Research and Training in Tropical Diseases.

This information product is not for sale. The use of any information or content whatsoever from it for publicity or advertising, or for any com-
mercial or income-generating purpose, is strictly prohibited. No elements of this information product, in part or in whole, may be used to
promote any specific individual, entity or product, in any manner whatsoever.

The designations employed and the presentation of material in this health information product, including maps and other illustrative materials,
do not imply the expression of any opinion whatsoever on the part of WHO, including TDR, the authors or any parties cooperating in the pro-
duction, concerning the legal status of any country, territory, city or area, or of its authorities, or concerning the delineation of frontiers
and borders.

Mention or depiction of any specific product or commercial enterprise does not imply endorsement or recommendation by WHO, including TDR,
the authors or any parties cooperating in the production, in preference to others of a similar nature not mentioned or depicted.

The views expressed in this health information product are those of the authors and do not necessarily reflect those of WHO, including TDR.

WHO, including TDR, and the authors of this health information product make no warranties or representations regarding the content,
presentation, appearance, completeness or accuracy in any medium and shall not be held liable for any damages whatsoever as a result of its
use or application. WHO, including TDR, reserves the right to make updates and changes without notice and accepts no liability for any errors
or omissions in this regard. Any alteration to the original content brought about by display or access through different media is not the respon-
sibility of WHO, including TDR, or the authors.

WHO, including TDR, and the authors accept no responsibility whatsoever for any inaccurate advice or information that is provided by sources
reached via linkages or references to this health information product.

Cover design: Lisa Schwarb
Layout: Jocelyne Bruyére
Printed in France



TDR/IRM/07.1

Report of the expert consultation
on immunotherapeutic interventions

for tuberculosis

Geneva 29-31 January 2007



Acknowledgements

The report for the “Expert consultation to evaluate the potential roles of immunotherapeutic interventions for TB in TB
and HIV high burden settings” was written by Dr GJ Churchyard assisted by Dr R Wallis, Dr J Levin, Professor G Kaplan,
Dr P Onyebujoh and Dr M Vahedi. Professor Rook provided editorial comment. The meeting was chaired by Professor G Kaplan.
The members of the respective working groups contributed to the recommendations.

Working group 1 (Therapeutic modulatory agents)
G Churchyard, R Hernandez-Pandos, S Jolles, D Lowrie, G Rook (chair), C Reading, H Ghalib, U Fruth, J Lazdins, A Odoula,
R Peeling, S Nwaka, C Nacy, G Kaplan, J Stanford, J Frincke, H Ghalib.

Working group 2 (use of markers for TB treatment response)
A Aseffa, J Olobo, S Parida, E Sampaio, B Wallis (chair), A Ramsay, A Zumla, F Scano, J Kengeya, F Zicker, G Walzl.

Working group 3 (study designs to evaluate immunotherapies for TB)
G Bahr, L Rosa Brunet, J Levin (chair), C Stanford, F Zicker, D Maher, P Olliaro, M Gomes, MR Masjedi, C Reading.




TABLE OF CONTENTS

110 7Y Y v
il IEECUIEEEDN 0000000000000000000660000000000000000000000606600000000C 3
2 Objectives and proposed ouUtCcOMES .. ....coveetieeeerooeeessocssssncnsssnas 5
2 T Q3 0666000000 06008000000600000000000300000000080000000300000¢ 5
4 Background presentations .......... i i i i il i i ittt 7

4.1 Global TB control in 2007: achievements, challenges and the need

for better tools . .. .ot 7

4.2 Update on the activities of the WHO taskforce on XDR-TB . ... ...... ...t 7

4.3 TB vaccines: current candidates and development plans .. ........ ... ... ... ... 8

5 Immunotherapy for human TB - why dowe need it? ..........ccc0viiieernnnnn 11
5.1 Immune protection and immunopathology . .......... ... ... .. ... 11

6 Immunotherapy agents .........iitiitiiiiieiieeneeeeeeeneoeaseanonanns 13
6.1 Agents that enhance protective immunity and/or down-regulate Th2 activity ........ 13

6.2 Immunotherapy that increases chemotherapy access . ...........coviueeun ... 16

6.3 Recommendations for therapeutic modulatory agents .. .......... ... ... ...... 17

7 Surrogate markers for MDR-TB immunotherapy ............ ittt 23
7.1 Surrogate markers using sputum culture ... ... ... e e 23

7.2 Other microbiological markers . ... ... it e e 24

7.3 Immunological surrogate markers . ... ... ..ottt e e e 24

7.4 Recommendations for use of markers for TB treatment response . ................ 24

7.5 Future directions and research needs . ... ... ... .. it 25

8 Designing studies to evaluate TB immunotherapy: challenges & opportunities ......... 27
8.1 OULCOME MEASUIES .« ¢ vttt et et e e e e e e e e e et e ee e e e 27

8.2 SUrrogate Markers . ... v ittt i e e e e e e 27

8.3 Superiority versus non-inferiority studies . ........ ... . . ... i 28

8.4 Recommendations for study designs to evaluate immunotherapies for TB . .......... 28

D @EIBOI8 0000000000000000000000000000000000000000000000000000030a 31
Appendix 1. Agenda ........cctteceectecteccaccstscesarecsesaataaeneanns 33
Appendix 2. Listof participants .. .......ccciiiiiiiiiiiiieiieereccoccnnnnnnns 35
S EEESS 000600000000000000000000000000000000000000000000A00000A000000 41

Report of the expert consultation on immunotherapeutic interventions for tuberculosis

ii






GLOSSARY

AED
Ag

ART
BCG

CD8+
CFU
Cox2
CTL
DHEA
DNA
DOTS
EBA
ESAT
GMP

HIV
Hsp65
IFNy

IgG

IL-2

IL-4
IL-12
iNOS

IVIg
MDGs
MDR-TB
MVA

M. vaccae
MW
M(X)DR-TB
NLME

rh

SLD

Sscc

Androstenediol
Antigen
Antiretroviral therapy

Bacillus Calmette-Guérin - TB vaccine prepared from live attenuated bovine
tuberculosis bacillus

CD8+ T cells

Colony-forming units
Cyclooxygenase-1I enzyme

Cytotoxic T lymphocytes
Dehydroepiandrosterone
Deoxyribonucleic acid

Direct observed therapy, short course
Early bactericidal activity

Early secretory antigenic target

Good manufacturing practices - legal codification of sound quality principles used by the
pharmaceutical and healthcare manufacturing industries to assure that products have the
identity, strength, purity and quality that they purport to contain

Human immunodeficiency virus
Heat-shock protein 65

Interferon gamma

Immunoglobulin G subclass
Interleukin-2

Interleukin-4

Interleukin-12

Inducible nitric oxide synthase

Human immunoglobulin administered intravenously
Millennium Development Goals
Multidrug-resistant TB

Modified vaccinia ankara

Mycobacterium vaccae

Mycobacterium w

Multi- and extensively drug-resistant TB
Nonlinear mixed effects

Recombinant human

Second-Lline drugs

Serial sputum colony counts

Report of the expert consultation on immunotherapeutic interventions for tuberculosis

\



vi

T cell
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TGF-B

Th1 response
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B
TNF-a
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Precursors of T (lymphocyte) cells leave the bone marrow and mature in the thymus,
hence their designation. T cells comprise two subsets distinguished by the presence on
their surface of either CD4 or CD8 glycoproteins. T helper cells are further subdivided into
Th1 and Th2 cells dependent on the cytokines they produce.
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Transforming growth factor beta

T helper cells secrete IL-1 and IFNg, enhancing cell-mediated responses and inhibiting
both Th2 and humoral immune responses. Th1 cytokines (IL-2, IFNy, TNF-a) activate
macrophages and CTL and produce proinflammatory responses responsible for killing
intracellular organisms.

Th2 cells secrete IL-4 and other cytokines which inhibit cell-mediated responses and
enhance the humoral response.

Tuberculosis
Tumour necrosis factor alpha
World Health Organization

Extensively drug-resistant TB

TDR/IRM/07.1



EXECUTIVE SUMMARY

The emergence of extensively drug-resistant tuberculosis (XDR-TB) has highlighted the need to
strengthen TB control programmes and develop new treatment therapies. Immunotherapies have the
potential to improve outcomes for all TB patients, including those with multi- and extensively drug-
resistant TB (M(X)DR-TB). Immunotherapy may shorten TB treatments and improve the immunity of
individuals cured by chemotherapy, potentially preventing recurrence. Currently none of the available
candidate agents has proof of efficacy for use in drug-susceptible or drug-resistant TB, although some
are registered for other indications in humans. Further development and evaluation of existing
immunotherapy agents is required to find an effective agent that can be used adjunctively with
chemotherapy.

The urgency of the situation demands accelerated clinical development which in turn requires surro-
gate markers of response to be defined. The most desirable surrogate markers would be expected to
measure early during treatment a parameter that accurately predicts later relapse risk, regardless of
the type or mechanism of action of the therapy under investigation. Rapid development of adjunctive
immunotherapies for TB requires the development and use of both microbial and immunological surro-
gate markers. The characteristics and potential roles of such markers are discussed.

While we recommend fast tracking of immunotherapy agents for treatment of drug-susceptible and
drug-resistant TB, these should be rigorous studies. The results obtained should be scientifically and
clinically meaningful with particular regard to the safety issues of introducing immunotherapy in
severely ill patients with compromised immune systems.
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1 INTRODUCTION

The recent emergence of extensively drug-resistant tuberculosis (XDR-TB) has highlighted a systemic
failure of health services; and the need to strengthen tuberculosis (TB) control and laboratory servic-
es and to develop new therapeutics." Antituberculous chemotherapy remains the cornerstone of con-
trol. However, TB treatment is complex - requiring at least six months of treatment and associated
with drug toxicities and drug-drug interactions. Current anti-TB drugs are unable to eradicate all
Mycobacterium tuberculosis at sites of infection due to their relative inactivity against semi-dormant or
persisting organisms, particularly those in lung granulomas. HIV coinfection is associated with
increased recurrence of TB due to increased rates of reinfection and relapse. Treatment of multidrug-
resistant TB (MDR-TB) and XDR-TB is much more complex and requires longer use of toxic, expensive,
less effective second-line drugs. Advanced understanding of the immunopathogenesis of TB offers the
potential for adjunctive immunotherapy for the treatment of drug-susceptible and drug-resistant TB.
Immunotherapy is defined as the use of therapeutic vaccines or immunomodulation to shorten
chemotherapy or reduce immunopathology. Adjunctive immunotherapy, in addition to chemotherapy,
has the potential to shorten TB treatment and improve treatment outcomes of drug-resistant TB.

The scientific working group (SWG) of the TDR/WHO (3-6 October 2005) recommended that TDR and
partners organize an informal consultation of experts to define research priorities and potential
research activities that could enhance approaches on immunotherapy and immunomodulation agents
for use in the management of TB. The SWG suggested that TDR, the Initiative for Vaccine Research
(IVR) and partners could take a leading role in the evaluation of potential immunotherapy agents.

The justification for the meeting includes the need to find effective therapies for XDR-TB: an existing
pipeline of immunotherapeutic agents could be moved into clinical trials relatively quickly with mod-
est budgets.

Report of the expert consultation on immunotherapeutic interventions for tuberculosis
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2 OBJECTIVES AND PROPOSED OUTCOMES

Objectives

e To discuss the potential utility of immunotherapy/modulation for optimizing and augmenting cur-
rent TB chemotherapeutic regimens.

e To evaluate the utility of surrogate markers in indicating TB pathology and shortening TB trials.

e To discuss methodological constraints in designing studies on drug-resistant TB and in evaluating
immunological interventions for TB.

Proposed outcomes

e Recommendations on the relevance of immunotherapy in optimizing current anti-TB chemotherapy
and studies to evaluate these benefits.

e Recommendations on the utility of approaches to TB-detection relevant to immunotherapy
and studies to evaluate these benefits.

e Recommendations on most suitable methods for determining the effects of immunomodulation
in TB.

e Publication and wide dissemination of meeting report.

Dr Rob Ridley (Director of TDR) urged the group to think innovatively but to balance this with realism
and strive for consensus. He requested honest reviews of immunotherapies, balancing their potential
benefits and risks. Recommendations should include how to proceed with potential candidates and how
to evaluate them effectively.

3 REPORT OUTLINE

The report summarizes plenary sessions and technical presentations which set the scene for the work-
ing-group discussions. The recommendations of the three working groups (immunotherapies, biomark-
ers and clinical-trial design) are presented. The agenda and list of attendees are in appendix 1 and 2
respectively.

Report of the expert consultation on immunotherapeutic interventions for tuberculosis
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4 BACKGROUND PRESENTATIONS

4.1 Global TB control in 2007: achievements, challenges and the need
for better tools (D Maher)

Globally, TB is the biggest cause of death from a curable or preventable infectious disease. Eastern,
central and southern Africa have the highest TB rates which are fuelled by the HIV epidemic. The high-
est burden of TB occurs in countries with massive populations, such as India. The highest prevalence
of MDR-TB among new TB cases between 1994 and 2003 occurred in Kazakhstan and other independ-
ent states of the former USSR, the Russian Federation, Israel and China. XDR-TB has been observed for
some time but received more attention following the Tugela Ferry outbreak among HIV-infected indi-
viduals in South Africa.? The global problem of XDR-TB*** is discussed further in section 4.2.

In 2005 the World Health Assembly set targets for TB control: to detect at least 70% of infectious cases
and to cure 85% of detected cases. In China, directly observed therapy, short course (DOTS) reduced
TB prevalence by 37% in less than a decade. Good progress globally was made under the DOTS strate-
gy -TB case detection and cure rates increased to 60% and 84% respectively by 2005. TB incidence
rates appear to be peaking globally and in Africa. However, there is no room for complacency. DOTS has
not yet been expanded fully and is not of sufficient quality everywhere. Uncontrolled HIV-associated
TB in Africa, MDR-TB in the former USSR and China, and the emergence of XDR-TB cause great concern.
Weak health systems and services are compromising TB care. Affected communities are not aware,
involved or mobilized.

The WHO-recommended Stop TB Strategy to reach the MDG 2015 targets includes:
e expansion and enhancement of high-quality DOTS

e addressing TB/HIV, MDR TB and other challenges

e contributing to strengthening health systems

e engaging with all care providers

e empowering people and communities with TB

e enabling and promoting research.

The Global Plan calls for a two-pronged approach to maximize TB control by using existing tech-
nologies optimally and developing new tools. This requires a TB research “movement” to reach the
2015 targets. The estimated cost of implementing the Global Plan is US$ 56 billion; currently there
is a US$ 31 billion shortfall. The Plan indicates projected funding needs for the development of new
drugs (US$ 4.8 billion), vaccines (US$ 3.6 billion) and diagnostics (US$ 0.5 billion), but not for
upstream research by basic scientists (innovation) or for research on immunotherapies. Money has
been allocated for the development of new drugs (US$ 4.8 billion), vaccines (US$ 3.6 billion) and
diagnostics (US$ 0.5 billion), but no funds have been allocated for upstream research by basic sci-
entists (innovation), operational research or immunotherapies.

4.2 Update on the activities of the WHO taskforce on XDR-TB (P Nunn)

XDR-TB is defined as resistance to isoniazid and rifampicin in addition to a fluoroquinolone and one of
the injectable drugs (kanamycin, amikacin and capreomycin). It is a major global threat to TB control.
By 1 May 2007 37 countries had reported confirmed cases of XDR-TB. Of the estimated 420 000 MDR-
TB cases worldwide, the majority occur in China, India and independent states of the former USSR,
which is where the bulk of XDR-TB could therefore be anticipated. The diversity of strains suggests that
XDR-TB has emerged due to a systemic failure of health services.

Report of the expert consultation on immunotherapeutic interventions for tuberculosis



Treatment options for XDR-TB are severely restricted and treatment outcomes are poor. Very high mor-
tality was reported in the Tugela Ferry outbreak in Kwa-Zulu Natal, South Africa.? All of the 53 patients
reported were HIV-infected; 52 of the patients died on average within 16 days of taking a sputum spec-
imen, including those on antiretroviral therapy (ART). This contrasts with reported cure rates of around
30% in Latvia, which has low levels of HIV.

A global task force, convened in response to the XDR-TB threat, made the following recommendations:
e strengthen control of TB and HIV

e scale up programmatic management of M(X)DR-TB to prevent XDR-TB

e strengthen laboratory services for adequate and timely diagnosis

e expand M(X)DR-TB surveillance to understand better the magnitude and trends of drug resistance
e foster sound infection control

e develop new tools.

The MDR- and XDR-TB response plan for 2007 was launched on 22 June 2007. This event marked the
transition from crisis management to mainstream response. As part of the plan, it is likely that a
research and development meeting will be held during the World Lung Health Congress in Cape Town
in November 2007. The authors of this report recommend that this opportunity is used to place
immunotherapy on the research and development agenda.

4.3 TB vaccines: current candidates and development plans (U Fruth)

TB vaccines share common objectives with some of the proposed immunotherapies. The vaccines are
intended to induce or boost protective immunity against acquisition of infection in neonates and
infants, and prevent progression from infection to disease or attenuate TB disease in adults.
Immunotherapy strives to restore protective immunity and/or reduce immunopathology.

Infant vaccination with BCG protects against severe childhood manifestations of TB for those up to 10
years old. However, BCG-induced immunity wanes over time and it is ineffective to boost adolescents
and adults previously exposed or vaccinated with BCG. It is unethical to stop infant BCG vaccination,
so the aim is to develop a booster vaccine that improves rather than replaces it.

TB vaccine development is highly empirical. A number of vaccine strategies are being evaluated, includ-
ing those listed below.

e Improved BCG, with over-expression of protective antigens or reconstitution of genes that have
been deleted from BCG.

e Attenuated M. tuberculosis, which have had metabolic or virulence genes made inactive.

e Adjuvanted protein subunit vaccines, including peptides and DNA vaccines, which use secreted or
empirically selected antigens such as Mtbh32/Mtb39, Ag85B-ESAT-6 and Ag85B/TB10.4 fusion
proteins.

e Live vectors, such as modified vaccinia ankara (MVA), adenovirus and salmonella, which express
antigens such as 85A, 85B and TB10.4.

® Non-protein antigens such as those binding to CD1-binding molecules or yd T cell receptors.

The Global Partnership to Stop TB Working Group on New TB Vaccines has several objectives.
e One safe, effective, licensed vaccine to be available at reasonable cost by 2015.
e Maintain and improve BCG vaccination programmes.

e (Conduct discovery and translation research.

TDR/IRM/07.1



¢ Facilitate preclinical development.

¢ Build capacity at vaccine-trial sites.

e Ensure availability of vaccine-production capacity and ability to scale up.
e Perform clinical trials.

e Develop an enabling infrastructure.

Under optimum conditions the first generation vaccine for infants will be available by 2013-2015, and
a post-infection vaccine by 2018.

The Stop TB Partnership Working Group on New TB Vaccines provides a forum for discussing vaccine-
development issues; is an impartial broker among stakeholders; and facilitates consensus on protocol
design and immunological and clinical endpoints. The working group includes regulators from countries
which have endemic TB. The establishment of a TB immunotherapeutics working group, modelled on
the vaccine working group, might facilitate the evaluation and implementation of immunotherapeutics.

Report of the expert consultation on immunotherapeutic interventions for tuberculosis 9






5 IMMUNOTHERAPY FOR HUMAN TB — WHY DO WE
NEED IT? (G Rook)

Immunotherapy may have multiple roles in TB treatments: improving success rates for treatment of
M(X)DR-TB; shortening treatment-times for drug-sensitive TB; and improving the immunity of individ-
uals cured by chemotherapy, thereby preventing recurrent disease (whether through true relapse or
reinfection).

Current candidate TB immunotherapies are at different stages of clinical development. Several
immunotherapy constructs that are active in mouse TB models (with or without chemotherapy) have
been produced to good manufacturing practice (GMP) standards but have not yet been tested on
humans. A number of immunotherapies have been evaluated on humans, although not all have been
studied in patients with TB.

5.1 Immune protection and immunopathology

The nature of the immune response to TB infection determines whether it is protective or will result in
TB disease. A model has been proposed to explain the immunological responses that result in either
protection or disease, which may be manipulated by immunotherapies or vaccines (Fig. 1).°

Protective immunity comprises bacteriostatic and bactericidal components. Both may be expressed
within a single infected host, at different times, or in different parts of affected organs. Although a
bacteriostatic response may provide transient protection from an invasive pathogen it does so by cre-
ating dormancy, a source of recurrent infection that can be difficult to eradicate. The challenge for
immunotherapy is either to convert a predominantly bacteriostatic immune response into a bacterici-
dal response, or to modify the bacteriostatic response so that it no longer interferes with chemother-
apy (section 6.2).

Immune protection results from phagocytosis and killing, or controlling the growth of, mycobacteria
by activated macrophages and lymphocytes. The cellular immune response dominated by antigen-spe-
cific T cells that produce gamma interferon (IFNy) and are cytotoxic towards infected cells is referred
to as a type-1 (bactericidal) cellular response. The main macrophage-activating factor, IFNy, is essen-
tial for immune protection though it can mediate a bacteriostatic rather than bactericidal response.
Antigen-specific cytotoxic T lymphocytes (CTL) play a central role in protective immunity, possibly by
granule-mediated lysis of infected macrophages, resulting in death of the contained organisms. Thus
bactericidal immunity is probably the classical Type 1 IFN-y-mediated response, plus CTL. Most
immunotherapy agents have a direct or indirect effect on cytokinese-producing and cytotoxic T cells

(Fig. 1).

An immune response with an excessive proportion of antigen-specific T cells that produce Interleukin-
4 (IL-4) (type 2 cellular response) is immunopathological rather than protective. In spite of granulo-
ma formation this immune response cannot eradicate the infection (bacteriostatic immune response).
The IL-4 stimulates macrophages to produce transforming growth factor beta (TGF-f) and both down-
regulate the CTL response. The detrimental effects of IL-4 are due to reduced microbicidal activity of
macrophages, increased cell infiltration, toxicity of tumour necrosis factor alpha (TNF-ot) and inflam-
mation that leads to necrosis, increased collagen, and activation of TGF-f that leads to fibrosis.
TGF-p is produced by macrophages and T regulatory cells and decreases T cell proliferation and inhibits
IL-2, IFNy, TNF-a, inducible nitric oxide synthase (iNOS) production and pro-inflammatory responses.

Granulomas result from the sequential recruitment of cells to the site of TB infection which creates a
physical barrier that contains infection. The hostile microenvironment within the granuloma, in which
oxygen tension, pH and micronutrients are reduced, induce mycobacteria to enter into a latent state
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by profoundly altering their metabolism, biosynthesis and replication. Granulomas have both protec-
tive and detrimental effects, particularly when they liquefy. Macrophages migrating into the cavity are
permissive and support the growth of organisms.

A dominant Th2 immune response produces immunopathology. The resultant inefficient killing of
mycobacteria, central necrosis of granuloma (caseation), destruction of lung tissue and rupture of cav-
ities into the bronchi spread TB. Immunopathology is more likely to occur when TB infection involves
a Th1/Th2 response. Environmental mycobacteria, which occur more commonly in developing countries,
prime Th1 and Th2 responses. Helminth infections further promote a Th2 response. In this setting, TB
infection results in the production of IL-4 superimposed on an existing Th1 cell response. This com-
promises cell-mediated immunity to TB by reducing microbicidal activity, inducing inflammation and
increasing pulmonary fibrosis.

Immunotherapeutics Detrimental components
active in mouse models of response to

M tuberculosis
Vg o o e 27

| HspB5 DNA vaccine P i —F[ Regulatory T cells H (- )| Th2 cells | Macrophages |

Heat-killed \
M. vaccae \

BT .| CD8+CTL | ((—

?
- H
HE2000 i

‘7?-' i y(‘}

Inhibitor of TGF -7 Direct blocking of

synergistic inhibitory

MNeutralizing anti-1L-4 action of TGF?? & IL-4

Figure 1 Mechanism of action of immunotherapeutics®
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6 IMMUNOTHERAPY AGENTS

Immunotherapy aims to “realign” or improve the immune response either by promoting protective (Th1)
immunity or by blocking harmful immune (Th2) responses. It is not necessarily better to induce more
protective immunity as TB patients have a large Th1 response in their lungs. Furthermore, boosting the
Th1 responses may induce systemic release of Thl-associated cytokines resulting in necrosis of TB
lesions (Koch’s phenomenon). It may be better to optimize the Th1 response by down-regulating the
Th2 response.

There are two types of immunotherapy agents. Some enhance protective immunity and/or down-regu-
late Th2 activity; others facilitate access to, or activity of chemotherapeutic agents in, the bacilli by
disrupting bacteriostatic pathways or fibrosis.

The mechanism of action of the available agents is summarized below. The plenary overview of
immunotherapeutic agents was presented by Professor Rook. Those who gave the technical presenta-
tions for each agent are named in parentheses.

6.1 Agents that enhance protective immunity and/or down-regulate
Th2 activity

Immunotherapeutic agents can be classified according to whether they have been studied in mice
(Hsp65 DNA vaccine, anti-TGF-f3, anti-IL-4), humans (human immunoglobulin), or both (killed M. vac-
cae, HE2000, rh-IFNy, rh-IL-2). The mechanism of each is summarized below.

6.1.1 Agents studied in mice

1. DNA vaccines (D Lowrie, C Nacy)

A number of DNA vaccines have activity in TB-infected mice. Apart from 10-antigen mix, the other DNA
vaccines (which express Hsp65, IL-12; Ag85A, PST S3, IL-12; Ag85B; Hsp70/CD80; ESAT-6 in flu vec-
tor) show a one to three log increase in bacterial clearance in comparison to untreated mice.

DNA vaccines encoding a mycobacterial (M. leprae) stress protein (Hsp65)’ or Hsp70 fused to CD80
(Chen et al, unpublished data) are therapeutic when administered to tuberculous mice. A DNA vaccine
expressing ESAT-6 in a flu vector is effective as adjunctive therapy when administered with chemother-
apy. Immunotherapy with Hsp65 as an adjunct to chemotherapy is associated with more rapid and effi-
cient response to treatment of MDR-TB in mice.® There is synergy between chemotherapy (moxifloxacin)
and DNA vaccine in BCG-immunized, TB-challenged mice. DNA vaccination at the end of chemotherapy
has a sterilizing effect in mice.” Monkeys immunized with Hsp70/CD80 before being infected with TB
survived; those that received nothing or the BCG vaccination, died (Chen et al, unpublished data).

The therapeutic effect of DNA vaccines is associated with a switch from a predominantly type 2 to a
predominantly type 1 response. DNA vaccines enhance IFNy production and CD8+ CTL, which can lyse
macrophages infected with M. tuberculosis, down-reqgulate IL-4 production and eliminate persisting
organisms.” Plasmid DNA expressing IL-12 also has an immunostimulatory “adjuvant” effect that would
further promote the shift from a Th2 to a Th1 response.”

Clinical trials of DNA Hsp vaccines in humans have shown them to be safe. BCG Hsp65 fused to E7 viral
protein has been used in a human papilloma virus vaccine and rh-Hsp70 with polyvalent antigen used
in a vaccine for genital herpes. Reports that Hsp may exacerbate rheumatoid disease are not confirmed.

In summary, DNA vaccines may be therapeutic or work as adjuncts to chemotherapy to enhance bacte-
rial killing, reduce pathology, eliminate organisms that persist, and protect against reinfection. DNA
vaccines are equally effective against MDR-TB.

Report of the expert consultation on immunotherapeutic interventions for tuberculosis
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2. Inhibition of TGF-f3 (R Hernandez-Pando)

Inhibition of TGF-f with B-glycan (soluble Type III TGF-f receptor) is associated with increased expres-
sion of IFNy and IL-2; strong down-regulation of IL-4; and significant reduction in bacterial counts in
the absence of chemotherapy." However, TGF-f3 inhibition is associated with increased inflammation of
the lung (pneumonia). The combination of anti-TGF-f} agents with inhibitors of inflammatory media-
tors (COX-2 inhibitors) results in optimal immunotherapy, which is comparable to chemotherapy and is
partially additive with chemotherapy.”

3. Inhibition of IL-4 (D Lowrie)

Anti-IL-4 has a prolonged therapeutic effect in mice (BALB/c), even when administered late after
infection.” IL-4 inhibits expansion of CD8+ CTL. The anti-IL-4 appears to mimic one effect of DNA vac-
cines, possibly by blocking stimulation of IL-4 receptors.

4. RUTI - fragmented M. tuberculosis delivered in liposomes (G Rook)

RUTI, devised by Dr PJ Cardona (Barcelona), is made from mechanically fragmented M. tuberculosis from
which the lipid-rich supernatant is removed.” RUTI contains Hsp65. The therapeutic effect may be due
to the strong induction of CD8+ IFN+ T cells. RUTI also induces a Th2 and large antibody response and
may also induce TGF-B. It has no therapeutic effect in late progressive TB disease in the absence of
chemotherapy.

6.1.2 Agents studied in humans

1. Human immunoglobulin (IVIg) (S Jolles)

The human blood product IVIg contains 95% of IgG subclass and is an immunomodulatory agent when
used in high doses. It has been used in a wide range of immune and inflammatory disorders and is anti-
infectious in a range of viral and bacterial infections. Its mechanism of action is only partially under-
stood. One report suggests that sialylation of the N-linked biantennary sugar present on a glycosylation
site on the Fc region of IgG leads to a ten-fold increase in anti-inflammatory potency.* High doses of
IVIg administered to tuberculous mice resulted in a sustained significant reduction in bacterial counts,
whether administered in the early or late stages (unpublished data, S Jolles). The protective effect of
IVIg persists beyond its half life; its effect may be mediated through conventional T cell responses,
cytokine production and effects on regulatory T cells rather than inhibition of mycobacterial growth with-
in macrophages. No trials of high dose immunoglobulin have yet been conducted in patients with TB.

6.1.3 Agents studied in mice and humans

1. Killed M. vaccae (3 Stanford, G Rook)

M. vaccae is a harmless saprophytic environmental mycobacterium found in untreated water and mud,
it contains mycobacterial Hsp65. Most antigens of M. vaccae are cross-reactive with M. tuberculosis,
Studies of M. vaccae have been conducted in mice, guinea pigs, badgers, cattle, rabbits, and dogs with
eczema. Studies in humans have been carried out on healthy subjects and in patients with leprosy, TB,
HIV infection, allergic dermatitis (children and adults), asthma, psoriasis, rheumatic diseases and can-
cer.

In mice, M. vaccae vaccination is associated with an increase in IFNy-secreting cells and CD8 CTL that
will kill TB-infected macrophages, down-regulation of IL-4 by regulatory T cells and possibly proin-
flammatory glycoforms of IgG.** M. vaccae has a therapeutic effect when administered after induction
of a Th2 response, as occurs with TB, through the induction of antigen-specific Th2-suppressing regu-
latory T cells, which down-regulates the Th2 (IL-4) response, while promoting Th1 and CD8 CTL respons-
es.”® In mice, oral administration of M. vaccae is as effective as subcutaneous. (R Henandez-Pando
and G Rook, unpublished data).” An oral formulation of M. vaccae is in development for humans. This
will have lower costs, ease of administration and no risk of HIV transmission.
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Amongst trials in other diseases, a number of small clinical trials have been conducted in TB patients
with pulmonary disease using a single dose of M. vaccae. The effects differed by geographical location.
The South African trial showed no effect. Trials in Argentina, India, Nigeria, Romania and Viet Nam
showed benefits from faster bacteriological conversion, increases in weight and radiological resolution
when given to TB patients receiving DOTS.” Three major efficacy trials using a single dose of M. vac-
cae have been conducted in Africa. The South African trial showed no effect.”? The Ugandan trial was
effective in achieving faster sputum clearance and radiological resolution.” The study in Zambia and
Malawi showed a trend (p=0.06) towards a benefit in HIV-uninfected individuals and no effect in HIV-
infected individuals.* Specific studies in HIV-infected persons have demonstrated safety, most cases
required repeated injection for an effect to be observed. Currently a large trial of five doses of M. vac-
cae is running in Tanzania, investigating its potential value in the prevention of tuberculosis in HIV
positive patients.

Dlugovitzky, Stanfords and colleagues have undertaken (published and unpublished) studies on TB
patients receiving either single or triple doses of M. vaccae as well as chemotherapy. These have shown
that the immunological response in humans is similar to that observed in mice: Serum IL-4, TGF-f and
TNF-o. all decrease and IFNy and IL-2 are increase.” Cell studies showed a faster return towards normal
values in respiratory bursts and CD11b expression on both polymorphs and monocytes in M. vaccae recip-
ients, demonstrating a reduction in Th2 and increase in Th1 activity.

Multiple doses of M. vaccae have been evaluated in MDR-TB patients in a few small pilot studies. These
suggested faster culture-conversion rates and radiological resolution and greater cure rates. Multiple
doses were well-tolerated and could now be evaluated in good clinical practice trials in M(X)DR-TB. An
oral formulation of M. vaccae is in development for humans. This may have lower costs, be easier to
administer and avoid the risk of HIV transmission.

2. Dehydroepiandrosterone (DHEA), androstenediol (AED) and 16c-Bromoepiandrosterone
(C Reading, J Frincke)

A synthetic derivative of DHEA, which is not readily metabolized into sex steroids, restores T helper cell
Type I activity and accelerates bacterial clearance in tuberculous mice (BALB/c). An increased expres-
sion of TNF-a, IFNy and iNOS and reduced expression of IL-4 was observed.” DHEA is neither synergis-
tic nor additive when administered with M. vaccae in tuberculous mice.”

HE2000, a synthetic DHEA derivative (160-Bromoepiandrosterone), has been evaluated in nine clinical
trials for HIV, hepatitis B and malaria. This is generally safe with either buccal or subcutaneous routes
of administration. The commonest adverse event with subcutaneous and intramuscular (IM) injection
is a reaction at the injection site with local erythema, induration and pain. In HIV-infected treatment-
naive patients, HE2000 resulted in an increase in circulating IFNy+ CD8+ T cells, an increase in CD8+ T
cell responses against HIV peptides (gag) and a decrease in viral load.” In a randomized trial of HE2000
administered to 26 AIDS patients, at a time when antiretroviral therapy was not available, HE2000 was
associated with a significant reduction in the incidence of TB and opportunistic infections. No trials of
HE2000 have yet been conducted in patients with TB.%

3. Interferon

Interferon (IFN) y is essential for antimycobacterial host defences. There have been five small trials of
aerosolized or IM IFNy or a. Although the first study, by Condos® showed an effect (sputum smears
became negative and sputum CFU counts decreased), none of the other studies showed a long term
microbiological benefit,** including the only placebo-controlled study that was stopped due to lack of
effect.” A trend towards earlier sputum-smear conversion was reported recently among preliminary
findings from a controlled trial in which patients with drug-sensitive TB were treated with DOTS alone
or with added inhaled or systemic IFNy.*

Report of the expert consultation on immunotherapeutic interventions for tuberculosis

15



16

4. Interleukin-2

Interleukin-2 (IL-2) promotes T cell replication and is essential for cellular immune function and gran-
uloma formation. In 1997, a small, unblinded study of two low-dose IL-2 regimens (daily or in 5-day
“pulses”) found that the daily regimen appeared to decrease sputum AFB counts.” Based on this pre-
liminary observation, a randomized, double blind, placebo-controlled trial of the effect of IL-2 on spu-
tum-culture conversion was conducted in 110 HIV-uninfected drug-sensitive Ugandan TB cases.*
Contrary to expectations, the study found reduced clearance of viable M. tuberculosis sputum counts
and delayed sputum culture-conversion in the IL-2 arm. This finding has been interpreted as indicat-
ing the potential for antagonism between a bacteriostatic granulomatous response and the bacterici-
dal effects of chemotherapy (Wallis 2005).

5. Mycobacterium w (MW)

Mycobacterium w (MW) is an environmental species of uncertain taxonomy. An autoclaved preparation
of this organism is licensed in India as an immunomodulator for intradermal injection in multibacillary
leprosy. In mice it induces a T cell response that includes IFNy and IL-2.%" There is a report that a sub-
cutaneous injection of this material in mice reduces the lethality of an extremely high intraveous chal-
lenge with M. tuberculosis (107 cfu) given four weeks later.® Mortality was assessed four weeks after
challenge, and this model is not comparable with other work on TB immunotherapy in the literature.
The mechanism of the effect seen is unclear. A single preliminary study in human tuberculosis com-
pared time to sputum conversion in patients receiving conventional anti-TB therapy, with time to spu-
tum conversion in patients receiving both anti-TB therapy and fortnightly intradermal injections of
autoclaved MW.* More rapid conversion is suggested but no statistical analysis is provided, and the
data are not listed in a format that allows such an analysis to be performed.* Further studies with MW
in TB are planned.

6.2 Immunotherapy that increases chemotherapy access

M. tuberculosis adapts to conditions within granulomas by adopting a dormancy phenotype (with
reduced replication and aerobic metabolism, and altered biosynthesis) against which most current TB
drugs have reduced bactericidal activity. The strategies described below seek to restore these drugs to
full effectiveness by increasing drug access and bacillary responsiveness. There are two potential con-
cerns: a dependence on concomitant bactericidal therapy (uncertain in XDR-TB); and the risk that gen-
eralized immunosuppression may result in opportunistic superinfections.

6.2.1 Thalidomide analogues (G Kaplan)

Tumour necrosis factor alpha (TNF-a) is essential for granuloma formation and contributes to the acti-
vation of macrophages, which controls the growth of M. tuberculosis. Inhibiting TNF-oo would modify
the environment in which bacilli reside and might make the organism less likely to go into latency and
more responsive to the bactericidal action of antibiotics.

This hypothesis was tested in mice (C57BL/6) infected with a low dose of TB (HN878). Mice in the con-
trol group were able to contain, but not kill, the infection. Administration of a TNF-a inhibitor
(CC-3052, a Thalidomide analogue) alone from the time of infection resulted in partial inhibition of
TNF-a.. Treatment with isoniazid alone cleared the infection at a steady state but did not sterilize the
lung. A combination of the TNF-o inhibitor and isoniazid resulted in faster clearance of bacteria.
TNF-a. inhibition resulted in reduced intracellular expression of TNF-a in splenocytes. Thus, immune
modulation with TNF-a. inhibitors accelerates bacillary killing by antibiotics and probably reduces the
number of organisms that are latent and can be reactivated later. This strategy can be used to treat
drug-resistant TB to improve the sterilizing action of antibiotics to which the organism is still sensi-
tive. Inhibition of TNF-a also will contribute to clinical improvement by reducing the toxic effects of
inflammatory mediators including TNF-a.
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6.2.2 Etanercept (soluble TNF-a receptor) (R Wallis)

A phase I study examined the response to treatment in 16 subjects given adjunctive etanercept 25 mg
subcutaneously twice-weekly for 8 doses, beginning on day 4 of standard TB treatment.” Sputum cul-
ture conversion occurred a median of 7 days earlier in the etanercept arm (p = 0.04). Etanercept was
well-tolerated.

6.2.3 High dose prednisolone (R Wallis)

A substantially greater microbiological benefit was observed in a phase II study in which 189 subjects
were treated with prednisolone (2.75 mg/kg/day) or placebo for the first month of standard TB
chemotherapy.” This daily dose was based on phase I studies indicating that it had halved TB-stim-
ulated TNF-o production ex vivo; no previous studies have examined the microbiological effects of
doses of this magnitude. The median time to sputum culture conversion was one month earlier in
prednisolone-treated patients (p = 0.001). This is the greatest effect on sputum culture conversion
observed in any trial of adjunctive therapy in TB, whether chemotherapy or immunotherapy. There were
no serious infectious complications; however, corticosteroid metabolic and cardiovascular effects were
more common in prednisolone-treated subjects. Future studies may consider reducing these adverse
events by delivering steroid therapy to the lung by inhalation, or by using a targeted anti-TNF-a ther-
apy with greater anti-granuloma activity, such as infliximab.

6.3 Recommendations for therapeutic modulatory agents (working group 1)

The group supports immunomodulatory therapy as an adjunct to TB treatment. The consensus is that
an optimized immune response will facilitate bacillary clearance and reduce immunopathology.
Consequently agents that increase the protective immune response, or down-regulate pathways that are
inappropriate or lead to immunopathology, are likely to be useful as adjunctive therapy in controlling
TB. This position is based on observation of safety and efficacy data in mice and, for some compounds,
human data.

The magnitude of the TB/XDR-TB crisis requires funding to be committed to fast-tracking product devel-
opment of existing candidate immunotherapies. Immunomodulatory agents should be developed in
addition to the efforts to find new antibiotics and chemotherapeutic agents, and should not be seen
as competing. Immunomodulators aim to enhance or optimize the efficacy of chemotherapy.

The candidates chosen for review were those with published data that are either already available GMP,
or expected to be available GMP, within a few months. However we realize that other strategies are in
the early stages of investigation and would like to encourage further upstream innovation.

Two distinct types of immunomodulatory agent have been considered.
e Those that enhance protective immunity and/or down-regulate Th2 activity.

e Those that facilitate access of chemotherapeutic agents to the bacilli, by disrupting bacteriostatic
pathways, macrophage function or granuloma integrity.

The characteristics of the immunotherapy agents are summarized in Table 1 and Table 2 and considered

separately below.

6.3.1 Agents that enhance protective immunity and/or down-requlate Th2 activity

The agents were evaluated in relation to three possible scenarios.

e Adjunctive therapy with available drug therapies. It is envisaged that, where possible, this
strategy will be used for initial evaluation.

e Therapy in the absence of available drugs. This may be necessary in certain XDR-TB patients.
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e Immunotherapy targeted at HIV-infected individuals for prophylaxis of TB and other opportunistic
infections (HE2000 M. vaccae is currently in such a trial).

Other possible uses of immunotherapy, such as shortening of treatment regimens, were not considered,
although we acknowledge this potential.

It was noted that six of the agents - Hsp65 DNA vaccine, M. vaccae, anti-IL-4 (considered alongside
data from IL-4 knockout in an animal model), blocking TGF-f3, HE2000 and Mycobacterium w - shared
certain properties in the animal models or in humans that might indicate a common final pathway.
These reagents all led to falls in IL-4 and TGF- and to increases in cytotoxic CD8+ cells. More work is
required to prove that this is indeed a common final pathway, but it does suggest that similar bio-
markers, assays and methods could be used for trials of all of these reagents.

1. Animal versus human studies
These reagents can be classified according to whether they have been studied in mice, humans, or both.
e Studies in mice only:
{ soluble Type III TGF-B receptor + COX2 inhibitor
() Hsp65 DNA vaccine
¢ anti-IL-4 (different antibodies tested in humans for other indications).
e Studies in humans, but not TB patients
¢ IvIg
( HE2000 (studies in HIV, but incidence of TB documented).
e TB studies in humans
{ M. vaccae (modified manufacturing process will necessitate repeat studies)
¢ rh-IFNy
() Mycobacterium w.
2. Regulatory status
Reagents also can be classified according to their status in the regulatory approval process.
e Approved for other clinical indications; physicians can use off-label: IVIy & rh-IFNy.
e Proceeding through regulatory processes: M. vaccae, HE2000 & IL-4 inhibitor.
e Undergoing pre-clinical testing: Hsp65 DNA, soluble Type III TGF-p receptor + COX2 inhibitor.

However, with the exception of M. vaccae, none of the products has completed testing for safety in TB
patients (some work with M. vaccae must be repeated because of manufacturing changes). We recom-
mend that these products complete evaluation for safety and efficacy in TB patients so that they will
be available for potential use in responding to the TB/XDR-TB crisis.

Although these molecules are likely to be tested initially in HIV-uninfected patients they should also
be evaluated for safety and efficacy in HIV-infected TB patients.

6.3.2 Agents that facilitate access of chemotherapeutic agents to the bacilli, by disrupting
bacteriostatic pathways, macrophage function or granuloma integrity

Inhibitors of inflammatory mediators act differently to those that enhance immune protection - they
inhibit inflammation and may reduce bacteriostasis (prednisolone, etanercept).
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Published experimental data indicate that these molecules are expected to facilitate the killing of TB
by antibiotics or chemotherapeutic agents, and reduce immunopathology. However, safety evaluations
will need to consider that they inhibit the protective immune response. Immune suppressives may com-
promise any residual protective immune response, thereby encouraging increased growth of the organ-
isms. In the presence of effective anti-TB drugs this may facilitate clearance of the organism. However,
in the absence of adequate therapeutic regimens (e.g. for XDR-TB) this is likely to have a detrimental
effect so safety will be the emphasis of the evaluation.

6.3.3 General recommendations

TDR endorsement of the immunotherapeutic approach will facilitate fund-raising by companies and aca-
demics that have potential therapies. It will also be seen as a positive and creative response to the
XDR-TB crisis. Moreover, immunotherapy might become a significant component of TDR’s TB portfolio,
in which it could play a unique role.

The Immunotherapy Working Group should continue to advise WHO on future development of existing
and future candidates. It might be sensible for TDR and the individuals/organizations that have
immunotherapeutics to move forward as a consortium, and to lobby important potential funding agen-
cies as such. For instance, this report lists proposed clinical markers for the different products. The con-
siderable overlap (e.g. decreases in IL-4 and TNF-a, increased IFNy and T cell function), suggests that
several of the agents might target common immunological pathways in humans. A TDR-coordinated
consortium might facilitate efforts to coordinate and standardize the assays used in future studies of
these immunomodulatory reagents.
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7 SURROGATE MARKERS FOR MDR-TB IMMUNOTHERAPY
(R Wallis)

The classic endpoints in studies of TB therapy are the proportion of subjects whose sputum fails to clear
at the end of therapy (failures) plus the proportion with recurrent disease during the two years post-
therapy (relapses). The urgency of the present situation demands acceleration of the pace of clinical
development. Surrogate markers have become increasingly important to this objective. The most desir-
able of these measure early during treatment a parameter that accurately predicts later relapse risk,
regardless of the type or mechanism of action of the therapy under investigation. Such markers would
facilitate drug development by reducing study size and duration. They may help to reduce patient expo-
sure to experimental therapies, thus reducing the risk of participation. In the post-licensing clinical
setting, surrogate markers also may assist early identification of patients with anticipated poor clini-
cal outcomes, so that their treatment may be modified appropriately.

Surrogate markers should:

e measure a parameter linked closely to disease pathogenesis
e predict long-term outcome in the absence of specific therapy
e show large changes early in the course of treatment

® capture a treatment’s full effect on the disease process

¢ be independent of the type or mechanism of action of the treatment.

7.1 Surrogate markers using sputum culture

Most microbiological TB markers are based on the observation that successful treatment is accompa-
nied by a progressive reduction in the number of viable bacilli in sputum and sputum cultures becom-
ing negative during the first two to three months of treatment. The best-studied of these markers, and
closest to validation, is sputum culture status after two months of treatment, based on a retrospective
analysis of eight large controlled trials.”” “* Subsequent studies, including one retrospective analysis of
outcomes in MDR-TB treatment, largely have confirmed this observation.* “ The shortcomings are rel-
atively large sample-size requirements, long duration of treatment, and poor performance characteris-
tics in predicting relapse in individual patients (sensitivity=50%, positive predictive value=18%).

Two alternative approaches may help to address these shortcomings. The first increases the frequency
of sputum cultures to biweekly or weekly; time to sputum culture conversion becoming the outcome
measure. The main concern with this lies in the handling of data from cases in which a later sputum
culture is positive with a small number of colonies. The second approach examines the rate of decline
of colony counts in quantitative sputum cultures performed repeatedly during the first month of treat-
ment.” Non-linear mixed effects (NLME) modelling of such data reveals two bacillary populations. The
first, killed rapidly, corresponds to early bactericidal activity (EBA).” The second, killed more slowly,
corresponds to sterilization.” NLME analysis appears to make the most efficient use of limited data by
accounting for individual variation and missing samples, however, the optimal timing of specimen col-
lection is yet to be determined. The main disadvantage of this approach is that a relatively large num-
ber of sputum samples must be processed, serially diluted, cultured and counted. This may unduly
expose laboratory personnel to infection with MDR-TB, and may be difficult to increase in scale to val-
idate as a predictor of relapse.
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7.2 Other microbiological markers

At the 2005 World Congress on Lung Health, Goletti and Tomei presented a paper in which polymerase
chain reaction was used to detect small fragments (67 bp) of IS6110 DNA in the urine of all 20 patients
with newly diagnosed pulmonary TB, and in none of 10 controls. The fragments apparently arise due to
apoptosis of infected macrophages. DNA was undetectable after two months of treatment. As a non-
sputum marker, this may overcome many of the limitations of sputum sampling, reflecting total body
TB burden. This early observation requires confirmation.

7.3 Immunological surrogate markers

Several immunological factors have been studied as possible surrogate markers of the response to TB
therapy. These include the frequencies of IFNy-producing ESAT-6 responsive T cells in the blood, and lev-
els of IFNy, TNF-a and other cytokines in the sputum. These factors decline with successful treatment
but not in treatment failures. It is not yet known whether they can serve as indicators of relapse risk.

7.4 Recommendations for use of markers for TB treatment response
(working group 2)

Presently there are no fully validated surrogate markers for treatment failure or relapse in TB. However,
one marker - the proportion of subjects with sputum culture conversion to negative after eight weeks
of therapy - is considered close to validation, and others are promising candidates. The rapid devel-
opment of adjunctive immunotherapies for TB will require the development and use of both microbial
and immunological surrogate markers.

7.4.1 Immunological markers (early phase II studies)

The immunological markers under consideration here will be linked closely to the mechanism of action
of immunological interventions. For this reason, they will be particularly useful in the early clinical
development of new immune-based therapies - to detect a proximate effect of the intervention, serve
as an initial guide to dose selection, and to monitor the duration of its effect.

Two approaches have been proposed for adjunctive TB immunotherapy: either to enhance factors asso-
ciated with protection, or to reduce factors associated with immunopathology and persistence. Markers
indicating proximate immunological effects of candidate immunotherapies will be invaluable in the
conduct of early phase clinical trials. These markers most likely will be selected for specific studies
based on the mechanism of action of the therapy under evaluation. Candidate markers include TB-spe-
cific CD4 and (D8 responses (by ELISPOT and flow cytometry), and cytokines associated with protec-
tion (IFNy and IL-4 splice variant), risk (IL-4, TGF-B, IL-10), or inflammation and pathology (TNF-c,
IL-6). Methods for accurate and reproducible measurement of these parameters are in different stages
of standardization. Some are available as highly reproducible commercial assays. Others have, or are
being, standardized by research consortia such as Biomarkers for TB (www.biomarkers-for-tb.net), sup-
ported by the Bill and Melinda Gates Foundation, and the NIH-funded TB Research Unit
(http://www.case.edu/affil/tbru/).

7.4.2 Microbiological markers (late phase II and phase III studies)

Microbiological markers will comprise the main indicators of successful TB treatment in later stage
studies. Although sputum culture status after two months of treatment currently is the best-validated
marker, it falls short of expectations in its sensitivity and positive predictive value for relapse. It also
has the disadvantages of requiring a relatively long treatment period (two months) and a relatively
large sample size. Alternative markers include the closely related marker - time to sputum culture con-
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version - and the rate of decline of serial sputum colony counts (SSCC) analysed by nonlinear mixed-
effects modelling. Although SSCC data are limited, recent studies indicate that it can substantially
reduce sample size requirements, and shorten the required duration of treatment to one month.

7.5 Future directions and research needs

The studies cited above indicate potentially complex interactions between immunotherapy and
chemotherapy that may be treatment-specific and mechanism based. It is unlikely that a single surro-
gate marker will be sufficient to meet the needs of accelerated research. At a minimum, separate
immunological markers will be required to assess proximate effects of immunotherapy on the host.
Additional ex vivo experiments such as whole blood culture will be helpful for examining specific drug-
drug and drug-immune interactions and to examine the dose-response relationship in the early phase
evaluation of candidate regimens.

Additional research will be required to standardize the use of automated methods for quantitative spu-
tum microbiology such as MGIT or Bactec. Time to detection of growth in these systems is inversely
related to log inoculum size.”** This parameter increases progressively during treatment and may be a
marker for failure or relapse,® * but additional research is needed. The use of these automated, sealed-
culture systems may facilitate the validation of quantitative sputum microbiology as a predictor of
relapse in large trials and may reduce potential risk to laboratory personnel in MDR-TB studies.

Lastly, the use of other types of specimens, such as urine (transrenal) TB DNA, may have reduced sam-
ple preparation requirements; reduced infection risk; and superior representation of the total body
infection burden.

Initial evaluation of these and other potential markers in the early stages of development will be by
comparison with two-month sputum culture conversion. Ultimately all tests must be validated by
assessing their ability to predict failure and relapse in longitudinal cohort studies of 18-months dura-
tion. We strongly encourage WHO TDR to facilitate and promote efforts to harmonize and standardize
the development of these markers.
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8 DESIGNING STUDIES TO EVALUATE TB IMMUNOTHERAPY:
CHALLENGES AND OPPORTUNITIES (J Levin)

In this discussion of potential issues surrounding the design of TB immunotherapy clinical trials it is
assumed that a particular agent has shown promise in animal studies (i.e. shows some evidence of
either an effect against M. tuberculosis or of a favourable immune response) and that animal safety
studies have also been carried out. Further it is assumed that Phase I studies in human subjects have
confirmed safety and some evidence of an immunological response.

Initially, Phase II studies need to be designed to determine dosing regimens that are safe and tolera-
ble, most likely to be efficacious and to screen between alternative agents or a combination of agents.
Thereafter, Phase III studies should be conducted to establish the efficacy of a proposed regimen for
treating drug-resistant TB or shortening the duration of treatment for drug-susceptible TB.

8.1 Outcome measures

A clinical trial determines outcome measures or endpoints in each subject. The aggregate of these is
required to evaluate the trial objectives. Generally, “hard” endpoints that require no subjectivity are
preferred - such as all cause mortality. However, this requires large sample sizes and long follow-up
times as the number of expected events is small. Some trials use a composite endpoint in order to
increase the number of events, however, this requires clear guidelines on determining endpoints and a
committee to adjudicate them. A composite endpoint of “death or TB relapse” could be used in a
TB/HIV trial, but this would require reinfection to be distinguished from relapse through the use of TB
strain typing (RFLPs). One criticism of composite outcomes is that while groups may agree on the over-
all composite outcome, they may differ on a particular component. If this is an important component
(such as death), the trial may miss an important difference between groups.

8.2 Surrogate markers

Surrogate markers have been used to reduce the duration of a trial and the required sample size. A sur-
rogate endpoint is chosen in place of the biologically definitive or clinically most meaningful endpoint
as an impression of efficacy may be obtained sooner or more cheaply. Prentice gave a definition of the
ideal requirement for a surrogate endpoint.”® “A surrogate endpoint is a response variable for which a
test of the null hypothesis of no relationship to the treatment groups... is also a valid test of the cor-
responding null hypothesis based on the true endpoint”. While this ideal may be unattainable in prac-
tice, it provides a target for choosing a surrogate endpoint. Notably, a measurement that is signifi-
cantly associated with the true outcome will not be a useful surrogate unless it also reflects the effects
of treatment on the definitive outcome.** ** The main difficulty with surrogate endpoints is whether an
association between treatment arm and surrogate marker can be used to deduce an association with
the definitive outcome (validity). An example of this lack of validity occurred in trials in cardiovascu-
lar disease: two major antiarrhythmic drugs (encanaide and flecainide) reduced arrhythmia but caused
a more than three-fold increase in overall mortality.® Any surrogate marker that is to be used in TB
immunotherapy trials should be subject to an ongoing process of validation that continues beyond any
trial, and combines data from a number of trials.

A number of surrogate markers could be used in TB trials (including trials of immunotherapeutic
agents). Phase IIA safety and dose-ranging studies could use appropriate immunological markers;
Phase IIB tests of concept studies might use bacteriological markers such as SSCC or two-month cul-
ture conversion, which is less sensitive. Phase III efficacy trials probably would still need to use a con-
ventional outcome such as cure. It would be useful to collect data on a range of potential surrogate
markers (both immunological and bacteriological) in order to help to validate these for future use.
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8.3 Superiority versus non-inferiority studies

Most Phase III clinical trials are carried out as superiority studies i.e. designed to show that the new
treatment is more efficacious than the standard or reference treatment. However, a treatment which is
no better on average than the standard treatment may still be useful, for example if it has a better
safety profile. A non-inferiority trial aims to demonstrate that the test product is not worse than the
comparator by more than a specified small amount, known as the non-inferiority margin or delta. A
margin of non-inferiority is specified in the protocol and non-inferiority demonstrated if the two-sided
95% confidence interval for the true difference between the two drugs is entirely on the positive side
of the non-inferiority margin. This requires pre-specification of the non-inferiority margin and must be
justified on both clinical and statistical grounds.

“Gamma” - the true difference between standard and new treatments - also must be considered when
determining sample size for a non-inferiority study. This concept can be demonstrated by a simple
numerical example. If a standard six-month regimen has a two-year relapse rate of 5%, a shortened
regimen should have a relapse rate of 10% at most. Delta, the maximum tolerable difference, is 5%. If
the true relapse rate on the new treatment was 7% then gamma, the true amount by which the new
treatment is worse than the standard, would be 7%-5% = 2%.

It should be noted that non-inferiority studies generally require far larger sample sizes than superior-
ity studies. Fewer subjects would be required to demonstrate that an immunotherapeutic intervention
improves the cure rate in drug-resistant TB (a superiority study) than to show that an immunothera-
peutic agent added to a standard regimen allows shorter treatment (say four months) for drug-sensi-
tive TB (a non-inferiority trial). If sample sizes are planned with over-optimism about the effect of an
intervention (e.g. hoping that an immunotherapeutic agent will halve the failure rate) the study will
be under-powered to detect more modest, but still clinically relevant, effects (e.g. 30% reduction in
the failure rate).

8.4 Recommendations for study designs to evaluate immunotherapies
for TB (working group 3)

In the light of the urgency for testing new agents that could be effective in treating drug-resistant TB
(including XDR-TB) it is important to design trials as part of a holistic product development programme,
taking account of all phases of clinical development. The working group discussed methodological con-
straints and made recommendations for study designs to evaluate the role of immunotherapy in improv-
ing the bacillary clearance for TB and M(X)DR-TB and the criteria for selecting clinical trial sites for
M(X)DR-TB immunotherapy. Use of adaptive trial designs should also be considered, but is not discussed
further in this report.

8.4.1 Drug susceptible and resistant TB

In early efficacy trials it is preferable to have uniform patient populations. However, M(X)DR-TB
patients are heterogeneous and thus, initially (perhaps as part of Phase II safety studies), studies could
be carried out in drug-sensitive patients. Microbiological surrogate markers could be used to provide
evidence of the efficacy of immunotherapy as an adjunct to conventional anti-TB chemotherapy.
Microbiological markers (such as two-month culture conversion and SSCC) or time to culture positivity
using MGIT could be used. Such studies also could be used to assess the predictive value of the appro-
priate immunological markers, although this would increase the cost.

Subsequent studies could be carried out in drug-resistant patients, although trials should use MDR- and
XDR-TB patients as it might be difficult to recruit only the latter. One challenge is the early diagnosis
of drug resistance, so it was suggested that trials could be done in patients defined as early treatment
failures according to national TB control programme guidelines. If this approach is followed, it is
important that there is clear definition of an early treatment failure for the purposes of any given trial.
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This case would require resistance testing for first-line drugs (particularly rifampicin and isoniazid) and
for second-line drugs if rifampicin-resistant (particularly fluoroquinolones and the injectables). Thus
trial sites will need the capacity to carry out drug-susceptibility testing for both first- and second-line
drugs using standardized laboratory methods for determining drug resistance. It would be prudent to
carry out at least the initial studies in a small number of sites, preferably one, to ensure homogeneity.

It is important to emphasize that immunotherapy is adjunctive to treatment in all studies (i.e. whether
in drug-sensitive or drug-resistant patients). Patients should receive the standard of care recommend-
ed in treatment guidelines and carried out in collaboration with the national TB control programme.
For drug-resistant TB this requires countries in which trials are undertaken to have access to second-
line anti-TB drugs through the Green Light Committee. In addition, there needs to be consideration of
which regimen to use in the treatment of M(X)DR-TB i.e. either fixed or individualized approach. Any
trial must consider who will provide additional drugs (including second-line anti-TB drugs where these
are not provided by the Green Light Committee; ART for HIV/TB co-infected patients). In many cases
this would be the responsibility of the study sponsor.

It would also be useful to stratify MDR-TB patients according to whether or not they have resistance
to fluoroquinolones in addition to isoniazid and rifampicin. Initially, separate studies should be carried
out in HIV-uninfected and -infected TB patients.

8.4.2 Studies in HIV-uninfected TB patients

Patients can be randomized on failure of standard therapy (clearly defined and standardized in multi-
centre trials). Subjects will be randomized to either standard of care (including changing the regimen
for MDR-TB) or standard of care plus immunotherapy.

The primary outcome measure will be time (in months) to bacteriological clearance (month of first neg-
ative culture with no subsequent positive cultures). An additional microbiological endpoint such as
SSCC or time to MGIT culture positivity could be measured as part of an ongoing exercise to validate
these as surrogate measures. Similarly, the immunological markers discussed above (dependent on the
type of immunomodulator) could be measured as part of a validation exercise. An additional outcome
measure will be culture status two years from onset of treatment, validating the time to clearance and
any other surrogate microbiological markers. Inclusion/ exclusion criteria will be modified according to
the product under investigation. In particular, immunosuppressants require suitable precautions.

8.4.3 Trials in HIV-infected TB patients

These trials could be carried out either after the first studies in HIV-uninfected TB patients or, given
the urgency of the situation of drug-resistant TB, in parallel with the studies in HIV-uninfected TB
patients. Patients should be stratified on the basis of CD4 counts (e.g. < or = 250 cells/ml-3). Patients
in the low CD4 stratum should be given ART according to local treatment guidelines. The study should
be powered sufficiently to detect the effect of immunotherapy separately in each stratum. Other
aspects of the study design in HIV-uninfected TB patients would apply. Inclusion criteria should be
modified to take account of precautions necessary for severely immunocompromised patients. These are
likely to be multi-centre trials.
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O CONCLUSIONS

Dr Mario Raviglione, Director of the Stop TB Partnership, has set research and development of new inter-
ventions for the management and treatment of M(X)DR-TB as a top priority. The establishment of close
collaboration between academics and all stakeholders would consolidate a global research movement.

The evidence reviewed in this document suggests that immunomodulators have the potential to
improve the outcome of all TB including M(X)DR-TB. However, none of these agents have proof of effi-
cacy for this use, although some are registered for other indications. We recommend that development
and evaluation of potential agents for use in M(X)DR-TB are accelerated as fast as possible: an appro-
priate agency, such as the Stop TB Partnership, could coordinate fund-raising and facilitate dialogue
with regulatory authorities.

Potential immunomodulatory agents should have phase II safety studies completed as soon as possi-
ble in TB patient populations that are accessible and homogeneous. Studies should move as fast as pos-
sible into M(X)DR-TB. Sites with large numbers of these patients, a secure supply of second-line drugs,
and clinical trials and laboratory capacity should be identified and developed as potential study sites.
The Global Alliance report on clinical TB trial sites may be useful for this purpose.

Although we recommend fast tracking of immune modulatory agents for treatment of M(X)DR-TB, these
studies should be carried out in a rigorous manner to obtain scientifically and clinically meaningful
results with particular regard to the safety issues of introducing immunomodulation in severely ill
patients with compromised immune systems.
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APPENDIX 1. AGENDA

Expert consultation to evaluate the potential roles

DAY 1

Time

9.00-9.10
9.10-9.20
9.20-9.30
9.30-9.50

9.50-10.10

10.10-10.30
10.30-11.00
11.00-11.20

11.20-11.40

11.40-12.00

14.00-14.15

14.15-14.35

14.35-16.30

16.30-16.45
16.45-17.00

January 2007

AGENDA

Item

Welcome and introductory remarks
Chairperson's opening comments
Objectives and proposed outcomes of the meeting

Global TB control in 2007: achievements, challenges,
and the need for better tools

Update on the activities of WHO Taskforce on XDR-TB
Discussion
Coffee break

Update on the activities of Vaccine Working Group:
current candidates and developmental plans.

Immunomodulation for TB in high-burden settings
for TB and HIV

Discussions
Lunch break

Development and potential use of biomarkers
and/surrogate markers in TB

Introduction of Working Group: objectives
and expected outcomes

Working Groups I, II, III

Coffee break
Summary of WG activities

Closure 1st day

of immunotherapeutic interventions for TB
in TB and HIV high-burden settings

Name

R Ridley
G Kaplan
P Onyebujoh
D Maher

P Nunn

U Fruth

G Rook

R Wallis

Meeting rapporteur

Rooms: to be
assigned

WGs
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DAY 2

Time

9.00-9.15
9.15-9.35

9.35-10.00

10.00-10.30
10.30-10.45
10.45-12.30
12.30-14.00
14.00-15.30
15.30-16.00
16.00-16.20
16.20-16.40
16.40-17.00
17.00-17.30
17.30-18.00

DAY 3

Time

09.00-09.15

09.15-10.15

11.00-12.30
12.30-14.00
14.00-15.30

15.30-16.00
16.00-17.00

Item Name

Objectives and outcomes for day 2 G Kaplan

New insight into the immunopathology of TB:
prospects for improved interventions

Douglas Lowrie

Designing studies exploring TB immunotherapy: Jonathan Levin

challenges and opportunities

Discussion
Coffee break

Working Groups: continued WGs
Lunch break

Working Groups: continued WGs

Coffee break
Plenary report back Working Group I WG rapporteur
Plenary report back Working Group II WG rapporteur
Plenary report back Working Group III WG rapporteur
Discussion
Chairperson's review and summation of Day II activities

Closure 2nd day

Item Name

Objectives and outcomes for Day 3 SWG Chairperson/

meeting rapporteur
Finalization of WG recommendations
Coffee break
Finalization of WG recommendations
Lunch break and meeting closure

Meeting with Chairperson, WG chairpersons, main rapporteur
and writer

Coffee break
Final discussion

Closure 3rd day
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