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CLINICAL STUDY DESIGN
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Abstract

The Long-Term Oxygen Treatment Trial demonstrated that long-
term supplemental oxygen did not reduce time to hospital
admission or death for patients who have stable chronic obstructive
pulmonary disease and resting and/or exercise-induced moderate
oxyhemoglobin desaturation, nor did it provide benefit for any other
outcomemeasured in the trial. Ninemonths after initiation of patient
screening, after randomization of 34 patients to treatment, a trial
design amendment broadened the eligible population, expanded the
primary outcome, and reduced the goal sample size. Within a few
years, the protocol underwent minor modifications, and a second
trial design amendment lowered the required sample size because of
lower than expected treatment group crossover rates. After 5.5 years

of recruitment, the trial met its amended sample size goal, and 1 year
later, it achieved its follow-up goal. The process of publishing the
trial results brought renewed scrutiny of the study design and the
amendments. This article expands on the previously publisheddesign
and methods information, provides the rationale for the
amendments, and gives insight into the investigators’ decisions about
trial conduct. The story of the Long-Term Oxygen Treatment Trial
may assist investigators in future trials, especially those that seek
to assess the efficacy and safety of long-term oxygen therapy.

Clinical trial registered with clinicaltrials.gov (NCT00692198).
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Chronic obstructive pulmonary disease
(COPD) has become the third leading cause
of death in the United States (1, 2). Two
previous landmark studies demonstrated

that long-term oxygen therapy (LTOT)
decreases mortality among patients who
have COPD and severe resting hypoxemia
(i.e., PaO2

< 55 mm Hg on two occasions)

(3, 4). Only two published randomized
clinical trials have tested LTOT in patients
who have less severe (i.e., “moderate”)
resting hypoxemia associated with COPD,
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but these studies were underpowered for
the mortality outcome and did not detect a
survival advantage (5, 6). These four studies
had a combined total enrollment of 501
participants. Thus, the evidence for LTOT
efficacy to reduce mortality has rested on
positive results from two small trials in
patients who had severe resting hypoxemia.
The evidence gaps regarding the benefits
and harms of LTOT in patients with stable
COPD who have resting and/or exercise-
induced moderate desaturation provided
the rationale for the Long-Term Oxygen
Treatment Trial (LOTT) (7).

The LOTT did not find a difference
between LTOT and no-LTOT groups in
time to hospital admission or death for
patients who had stable COPD and resting
and/or exercise-induced moderate
desaturation, nor did it detect benefits for
any other outcome measured in the trial (7).
Publication of the LOTT primary outcome
results brought renewed scrutiny of its
study design and its transformation from a
trial of 1) 24-hour oxygen therapy versus
no supplemental oxygen for COPD with
moderate resting oxyhemoglobin
desaturation to a trial of 2) supplemental
oxygen versus no supplemental oxygen for
COPD with moderate resting or moderate
exercise oxyhemoglobin desaturation. As
well as broadening its eligible population,
the amended study design expanded the
LOTT’s primary outcome from death to
the composite event of death or first
hospitalization, whichever occurred first.
These design amendments allowed the trial
to meet its sample size and follow-up
duration goals in a feasible time frame, but
they complicated the interpretation of the
study results.

Investigators studying the efficacy and
safety of home oxygen therapy in other
populations and for other indications may
face some of the same challenges confronted
by the LOTT investigators. These
investigators and others who study widely
used treatments in the community that lack
evidence of efficacy may benefit from review
of the LOTT design, methodology, and
history. This article expands on the
information published in the LOTT primary
outcome article (7), two other LOTT-
related articles (8, 9), one review article
(10), and one abstract (11), uniquely
provides the “story” behind the
development and revision of the LOTT
protocol, and shares some of the lessons
learned from the LOTT experience.

Background and
Scientific Premise

In the 1980s, the Nocturnal Oxygen Therapy
Trial (NOTT) and Medical Research
Council (MRC) randomized clinical trials
demonstrated that LTOT decreases
mortality among patients who have COPD
and severe resting hypoxemia (3, 4).
Those oxygen trial data translated into
clinical practice, where Medicare coverage
policies presumed that those meeting
NOTT eligibility criteria would benefit
from LTOT whereas those not
meeting NOTT eligibility criteria would
not benefit. Significant differences may exist
between the patients selected for the
NOTT trial and those eligible for LTOT
under current Medicare regulations, so
the NOTT results might lack
generalizability.

After completion of the NOTT,
scientists raised concerns about clinically
important adverse effects of LTOT.
Oxidative stress may contribute to
COPD progression through molecular
pathways believed to be involved in its
pathogenesis (12). Individuals who have
impaired upregulation of oxidant defense
mechanisms or those who sporadically use
oxygen may have an increased risk for toxic
effects of supplemental oxygen.

Medicare covers the costs of
supplemental oxygen treatment for the
indication of resting, exercise, or nocturnal
arterial oxyhemoglobin desaturation below
89% (or severe resting hypoxemia
[i.e., PaO2

< 55 mm Hg]), with some
exceptions (e.g., pulmonary hypertension,
polycythemia) for those with a saturation
of 89% or a PaO2

of 56–59 mm Hg, and
some qualifications for exercise and
nocturnal desaturation. However, the
evidence base for LTOT mainly came from
studies of patients with COPD who had
resting oxyhemoglobin desaturation (3, 4).
Supplemental oxygen became widely
available after the NOTT, resulting in
approximately 5% of Medicare part B
beneficiaries receiving home oxygen
annually (13) at a high cost to Medicare
(14). Reliable estimates of the
number of prescriptions written for
supplemental oxygen for the indication of
exercise-induced desaturation are not
readily available, and many patients who
are prescribed supplemental oxygen may
not have severe resting hypoxemia (15).

In May 2004, a working group
convened by the National Heart, Lung, and
Blood Institute (NHLBI, National Institutes
of Health), the Centers for Medicare and
Medicaid Services (CMS), and the Agency
for Healthcare Research and Quality
reviewed the current state of knowledge of
the efficacy, the research needs, and the
technical issues related to chronic
supplemental oxygen therapy for COPD
that might influence the feasibility and
design of clinical trials of this treatment. The
working group recommended the conduct
of four high-priority trials that aim to
answer crucial questions in the treatment of
patients with COPD: Study 1, oxygen
supplementation during ambulation (very
high priority); Study 2, continuous oxygen
supplementation in patients with moderate
hypoxemia (very high priority); Study 3,
nocturnal oxygen treatment of desaturation
during sleep (high priority); and Study 4,
detailed and individualized prescriptions for
long-term oxygen supplementation (high
priority) (16). The LOTT arose from this
background.

Original Study Design
and Subsequent
Protocol Amendments

In November 2005, the NHLBI released
solicitations requesting proposals for
regional clinical centers and a data
coordinating center (DCC) for a trial of
round-the-clock oxygen therapy in people
who have COPD associated with resting
hypoxemia of moderate severity, increased
breathlessness, and increased risk of
mortality. In March 2006, the NHLBI and
CMS announced their intention to work
together to conduct such a trial. After peer
review of the proposals, the NHLBI awarded
contracts to 14 regional clinical centers
and one DCC in October 2006 (Figure 1),
and the investigators began the work of
design and conduct of the trial. At the first
Steering Committee meeting, a working
group was nominated to develop eligibility
criteria for the LOTT. Working from the
parameters specified in the NHLBI request
for proposals and from the LOTT proposals
that were awarded contracts, the Steering
Committee members tracked types of
patients seen in their clinics, reviewed
published literature, and solicited
community partners, all in the pursuit of
developing viable and relevant eligibility

CLINICAL STUDY DESIGN

90 AnnalsATS Volume 15 Number 1| January 2018



criteria. During multiple in-person
meetings and many teleconferences, the
Steering Committee debated each proposed
criterion at the general level (e.g., smoking
status [current and/or previous]) and at the
specific level (e.g., threshold for resting
hypoxemia, allowable FEV1 range). The
committee spent a significant amount of
time debating the use of oxyhemoglobin
saturation by pulse oximetry (SpO2

) versus
use of PaO2

by arterial blood gas to
determine eligibility. The protocol,
manuals, forms, training, and other study
preparatory activities were completed in
2008.

In January 2009, the LOTT initiated
recruitment (Figure 2). Participants were
randomly assigned to 24-hour
supplemental oxygen or no supplemental
oxygen. Within a few months, it became
evident that fewer potential study
participants than expected met the trial
eligibility criteria and that investigators
underestimated the difficulty in successfully
recruiting for the LOTT. Many who met
the study criteria were already prescribed
oxygen, and a greater number than
expected were unwilling to stop its use.
Investigators found that the eligible patient
group had a higher than expected
nonvalidated oxygen prescription rate. In
addition, many nonusers of supplemental

oxygen were unwilling to commit to 24-
hour oxygen use for their expected 4.5-year
participation the trial. As investigators
presented the trial to the medical
community and searched for potential
recruits, the need for evidence-based
treatment recommendations for the
numerous patients who had normal
oxyhemoglobin saturation or moderate
desaturation at rest but had oxyhemoglobin
desaturation during exercise became more
evident. In June 2009, the investigators
recognized that poor recruitment might
lead to trial closure. To address the
recruitment concerns, the investigators felt
that the trial design had to change to
become more acceptable to patients and
physicians. The revised trial had to have
clinical relevance, and hence appeal, for the
entire COPD community, for it to succeed.

During the first year of enrollment, it
also became clear that the trial would not
have sufficiently high event rates for the
primary outcome of survival time. Thus, the
LOTT lacked feasibility in terms of
successfully conducting the trial because it
would require a larger sample size in a
limited time frame. Because patients
hospitalized with COPD have a significantly
increased risk for poor outcomes (e.g.,
death) and supplemental oxygen could
reduce hospitalization rates (e.g., fewer

COPD exacerbations, fewer cardiovascular
events), the investigators felt that adding
hospitalization to the primary outcome had
face validity and would significantly
improve study feasibility.

In September 2009, after
randomization of 34 patients, the LOTT
investigators proposed, and the Data and
SafetyMonitoring Board (DSMB) approved,
protocol amendment #1 (Figure 2) that
expanded the LOTT eligibility criteria to
allow enrollment of participants who
had an adequate oxyhemoglobin
saturation at rest associated with moderate
oxyhemoglobin desaturation during
exercise. The amended protocol also
changed the primary outcome from time to
death from any cause to a composite
outcome of time to hospitalization for any
cause or death from any cause, whichever
occurred first. As under the original
design, participants were randomized to
supplemental oxygen or no supplemental
oxygen at a 1:1 ratio; for those randomized
to supplemental oxygen, the prescription
was determined according to their type of
desaturation. Treatment group assignment
was not masked.

The study design changes of LOTT
protocol amendment #1 reduced the
required sample size from 3,108 to 1,134
participants. Of the participants who had
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Figure 1. Geographic distribution of Long-Term Oxygen Treatment Trial (LOTT) clinics. Forty-seven LOTT clinics in 37 locations screened participants for
the LOTT; 42 clinics randomized at least one participant. The map figure may be viewed on the public portion of the LOTT website at www.lottsite.org.
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adequate oxyhemoglobin saturation at rest
associated with moderate exercise-induced
desaturation, those randomized to
supplemental oxygen were prescribed
supplemental oxygen for use only during
exercise and sleep. Of the participants who
had moderate resting desaturation, those
randomized to supplemental oxygen were
prescribed 24-hour supplemental oxygen.
The 34 participants randomized to
treatment under the original design (all
with resting hypoxemia) continued their
treatment and participation seamlessly
because they were part of the latter
randomized group. The protocol
amendment #1 changes had broadened
the pool of eligible patients, expanded the
primary outcome (more events), kept

original recruits on their original treatment,
kept original recruits as a relevant part of
the transformed trial, and broadened the
investigative focus and relevance for
patients and health care professionals.

To assist with enrollment of patients
who met the spirit of the trial, the Steering
Committee implemented (June 2010 and
January 2011) a few minor protocol
modifications that broadened eligibility
based on spirometric test results (Figure 2
and Table 1). However, the least restrictive
spirometric eligibility criteria also required
radiologic evidence of emphysema.

In March 2012, it became evident to the
LOTT DSMB that the observed treatment
group crossover rates were much lower than
the rates assumed for design of the trial. As a

result, the DSMB approved protocol
amendment #2 that reduced the final
sample size to 737 participants (Figure 2).

Final Study Design

Two protocol amendments, and a few
protocol modifications, led to the final
LOTT study design; a multicenter,
randomized clinical trial that tested whether
supplemental oxygen therapy versus no
supplemental oxygen therapy decreases time
to the composite event (Table 2), all-cause
hospital admission or all-cause mortality,
whichever occurs first, among individuals
with COPD who have moderate
oxyhemoglobin desaturation at rest or

Jun 2009: investigators recognize lower than expected recruitment and primary outcome event (death) rate

Sep 2009: 34 patients randomized

Mar 2012: observed treatment group crossover rates much lower
than expected

2015201420132012201120102009

Jan 2009: recruitment initiated

Jun 2010: change eligible FEV1 from ≤ 65% to ≤ 70% of the predicted normal value20

Jan 2011: allow FEV1 > 70% if radiologic evidence of emphysema present

Aug 2014: recruitment ended

Aug 2015:
follow-up
ended

Recruitment

Follow-up

Protocol Amendment #2
Reduce required sample size to 737

Protocol Amendment #1
Expand eligibility to include patients who do NOT have resting moderate hypoxemia but who do have moderate
desaturation with exertion
If enrolled based on the exertional desaturation criteria and randomized to supplemental oxygen, prescribe
oxygen for use during sleep and with exertion (but not at rest)
Change primary outcome from time to death to the composite of time to hospitalization or death (whichever
occurs first)
Reduce required sample size from 3,108 to 1,134

Figure 2. Long-Term Oxygen Treatment Trial protocol and study conduct timeline. Shaded objects refer to recruitment and follow-up timing. Nonshaded
boxes that have a boldface outline show study protocol amendments. Dashed nonshaded boxes show additional protocol changes.
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normal oxyhemoglobin saturation at rest
associated with moderate oxyhemoglobin
desaturation during exercise.

The LOTT completed recruitment
in August 2014 and ended participant
follow-up in August 2015 (Figure 2). Each
participant had a minimum possible
follow-up of 1 year and a maximum possible
follow-up of 6.5 years; follow-up duration
depended on the date of enrollment, survival,
and willingness to continue with the trial.

The LOTT is registered with
ClinicalTrials.gov (17). The design issues
reported herein meet the requirements of
the CONSORT (Consolidated Standards of
Reporting Trials) checklist (18).

Study Entities and
Collaborations

The collaboration between the NHLBI and
CMS supported the LOTT. The NHLBI had
responsibility for administration of the trial

and the sites conducting the trial. Medicare
covered the costs of the treatment and clinical
procedures for their beneficiaries under the
National Coverage Determination effective
March 2006 that extended coverage for
home oxygen use to Medicare beneficiaries
participating in trials approved by the CMS
and sponsored by the NHLBI (19). The trial
enrolled Medicare beneficiaries, those who
had non-Medicare insurance that covered the
costs of the treatment and clinical procedures
for the trial, and those willing to pay out of
pocket for those costs. Medicare-approved
suppliers provided the oxygen equipment.
The clinical sites, DCC, NHLBI, and CMS
conducted the trial.

Setting

To assist with a broad recruitment effort,
the NHLBI structured the LOTT clinical
sites to consist of regional clinical centers
and additional satellite sites (Figure 1).

Each regional clinical center director
decided whether to recruit satellite sites to
assist with meeting the regional clinical
center’s recruitment goal. Although the
regional clinical centers were all academic
medical centers, the satellite sites
included a mixture of academic medical
centers, Veterans Affairs medical centers,
and community-based private practices.
Eleven of the 14 regional clinical centers
recruited at least one satellite site; satellite
sites contributed 54% of the LOTT study
population.

Patients and Eligibility

The LOTT required participants to have
COPD as the primary pulmonary disorder,
with an FEV1/FVC ratio less than 0.70 and
a post-bronchodilator FEV1 not exceeding
70% of the predicted normal value (20)
(see Figure 2 regarding protocol revisions).
Eligibility also required the presence of

Table 1. Long-Term Oxygen Treatment Trial participant eligibility criteria

Inclusion (All Must Be Met)
d COPD-dominated lung disease
d Age at least 40 yr
d At least 10–pack-year cigarette-smoking history
d Modified Medical Research Council dyspnea score> 1 (short of breath when hurrying on the level or when walking up a slight hill) (21, 22)
d Post-bronchodilator FEV1/FVC, 0.70
d Post-bronchodilator FEV1 1) <70% of the predicted normal value (20) or 2) >70% of the predicted normal value (20) if study
physician determines that there is radiologic evidence of emphysema

d Resting SpO2
89–93% (moderate resting hypoxemia) or resting SpO2

> 94% and desaturation during exercise defined as SpO2
, 90%

for at least 10 consecutive s during the 6-min walk test (normal resting saturation but moderate hypoxemia with exercise)
d Medicare Part A and Part B beneficiary, insurance willing to pay costs of treatment and study procedures and visits, or willing to self-pay
costs

d Approval by study physician for randomization to either treatment group
d No exacerbation requiring antibiotics or new/increased dose of systemic corticosteroids in the 30 d before screening
d Not less than 30 d postdischarge from an acute care hospital (for COPD or other condition) before screening
d If participant regularly uses supplemental oxygen before screening, all of the following must be met before randomization:
- Participant agrees to stop using supplemental oxygen if randomized to no supplemental oxygen
- Participant’s physician agrees in writing to rescind order for supplemental oxygen if participant is randomized to no supplemental
oxygen

- Participant must not use supplemental oxygen for the four calendar days before randomization and must report that he/she had no
problems doing without the oxygen

d Signature of written contract agreeing not to smoke while using supplemental oxygen

Exclusion (None May Be Met)
d COPD exacerbation requiring antibiotics, new or increased dose of systemic corticosteroids, or oxygen treatment after screening starts
and before randomization (chronic use of corticosteroids while health is stable is not exclusionary)

d New prescription of supplemental oxygen after screening starts and before randomization
d Thoracic surgery or other procedure in the 6 mo before evaluation likely to cause instability of pulmonary status
d Non-COPD lung disease that would affect oxygenation or survival
d Epworth Sleepiness Scale (23) score greater than 15
d SpO2

below 80% for at least 1 consecutive minute during the 6-min walk
d Disease or condition expected to cause death or inability to perform procedures for the trial or inability to comply with therapy within 6 mo
of randomization, as judged by study physician

d Participation in another intervention study

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; SpO2
= oxyhemoglobin saturation by pulse oximetry.

Bold type items added as protocol amendment #1 (SpO2
criteria) or a protocol modification (FEV1 criteria; see Figure 2).

Adapted by permission from Reference 7.
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dyspnea (i.e., modified Medical Research
Council [MMRC] dyspnea scale score> 1)
(21, 22), a cigarette-smoking history of at
least 10 pack-years, and age of at least 40
years (Table 1; Figures 2 and 3; and
Appendices E1 and E2 in the online
supplement). Participants had to be
clinically stable (i.e., no treatment for a
COPD exacerbation and no increase in
dose of systemic corticosteroids within the
last 30 d) to initiate screening. Eligibility
determination at the screening visit
required 1) a resting SpO2

of 89–93%, or 2)
the combination of resting SpO2

greater
than 93% and SpO2

not exceeding 90% for
a duration of 10 seconds or more during a
6-minute walk test. However, the LOTT
excluded patients who had an SpO2

less
than 80% for 1 minute or longer during
the 6-minute walk test.

Study staff assessed SpO2
(Appendices

E1 and E2) with the Masimo Radical-7
pulse oximeter and Masimo Rainbow
DCI-dc3 finger sensor or LNCS TF-1
forehead sensor. The trial did not
use PaO2

for eligibility determination in
an effort to make the trial protocol
exportable to common practice and to
avoid a painful procedure for prospective
participants.

Each participating site had institutional
review board approval of the LOTT. All
participants provided written informed
consent before undergoing screening.

Data Collection

To increase the acceptance of the LOTT
program by both patients and satellite sites,
the LOTT used a two-tier level of data
collection requirements defined as Core and
Expanded (Table 3; Appendices E1 and E2)
(20–30). Expanded data collection
included all Core data collection plus
three additional questionnaires (i.e., Short
Form-36 Quality of Life Scale [27], Hospital
Anxiety and Depression Scale [29],
Pittsburgh Sleep Quality Index [28]) at
baseline and annual follow-up evaluations,
additional procedures at baseline
(collection of serum for banking and
alpha-1 antitrypsin testing [30]), and an
additional procedure in follow-up
(i.e., spirometry). All regional clinical
centers were expected to complete
Expanded data collection; satellite sites
could choose to complete Core or
Expanded data collection.

Screening

The screening/baseline visit included
informed consent activities, protocol-
required testing (Table 3), assessment of
patient eligibility (Table 1), and participant
characterization. The protocol required
that a participant who regularly used
supplemental oxygen during screening
had to stop using it for the four calendar
days before randomization and had to
report before randomization that he/she
had no problems functioning without the
oxygen.

Randomization

The protocol required that study
participants undergo randomization within
60 days of starting screening. The LOTT
used a web-based data system to randomly
assign participants to the supplemental
oxygen or no supplemental oxygen group at
a 1:1 ratio. The randomization schedule was
stratified by regional clinical center, with
randomly permuted blocks of sizes 2, 4, and
6. The data system generated the random
treatment assignment for a participant only

Table 2. Long-Term Oxygen Treatment Trial hypotheses

For patients who have COPD and 1) moderate resting desaturation or 2) normal resting saturation and moderate desaturation during
exercise, treatment with supplemental oxygen, in comparison with no treatment with supplemental oxygen, will lead to:

Primary
Ha 1: Increased time to all-cause mortality or all-cause hospitalization

Secondary
Ha 2: Increased time to all-cause mortality
Ha 3: Increased time to all-cause hospitalization
Ha 4: Improved disease-specific quality of life
Ha 5: Improved preference-weighted health-related quality of life
Ha 6: Decreased disease impact (e.g., reduced dyspnea, longer 6-min walk distance, reduced COPD exacerbation rate)
Ha 7: Improved quality-adjusted survival
Ha 8: Lower health care utilization
Ha 9: Better maintenance of nutritional status (e.g., body mass index)
Ha 10: Improved general quality of life
Ha 11: Better sleep quality
Ha 12: Less depression and less anxiety
Ha 13: Delayed onset of severe hypoxemia (defined as room air SpO2

88% or less)
Ha 14: Lower risk of cardiovascular disease outcomes (e.g., acute coronary syndrome, chronic heart failure exacerbation, mortality

secondary to these outcomes)
Ha 15: Longer survival and better outcomes in those with greater adherence to supplemental oxygen use in comparison with those with

lesser adherence

Exploratory
Analyses will be performed to test the consistency of treatment effects across subgroups defined by baseline demographic and clinical
characteristics. Subgroups to be examined include but are not limited to those defined by age, race/ethnicity, sex, oxyhemoglobin
saturation during exercise, lung function (e.g., FEV1), and smoking status

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; SpO2
= oxyhemoglobin saturation by pulse oximetry.

Bold type items added as protocol amendment #1 (see Figure 2).

CLINICAL STUDY DESIGN

94 AnnalsATS Volume 15 Number 1| January 2018



131 signed consent and started formal screening
from a larger uncounted number of individuals
identified as possible candidates based on record
review, participant lists from other research
studies, self-referral, advertising, etc.

Identify candidates
for screening  

34 randomized in 1:1 allocation:
•  No supplemental oxygen
•  Supplemental oxygen   

Apply selection
criteria

Randomize 

97 excluded: 
58

12

3

2
8

1
3
4
1

•  Resting saturation too high:

•  Too high FEV1% predicted20 or FEV1/FVC ratio:
•  Resting saturation too low:

•  Desaturation below 80% for ≥ 1 consecutive minute 
    on 6MW24:
•  Too low MMRC21,22 (not breathless enough):

•  Too high Epworth Sleepiness score23:
•  Not enough cigarette smoking in past: 
•  Using oxygen in past 30 days:
•  Not COPD:

19 randomized to no supplemental oxygen
•  Not prescribed oxygen  

15 randomized to supplemental oxygen
•  Prescribed 24-hour oxygen  

A

Identify candidates
for screening  

Apply selection
criteria

Randomize 
738 randomized in 1:1 allocation:
•  No supplemental oxygen
•  Supplemental oxygen   

370 randomized to no supplemental oxygen 368 randomized to supplemental oxygen
•  220 (59.8%) prescribed 24-hour oxygen
•  148 (40.2%) prescribed oxygen during
   activity and sleep   

1,759 signed consent and started formal screening
from a larger uncounted number of individuals
identified as possible candidates based on record
review, participant lists from other research
studies, self-referral, advertising, etc.

1,021 excluded: 
•  Not enough desaturation (at rest or on 6MW24):

•  Too high FEV1 % predicted20 or FEV1/FVC ratio:

•  Too much desaturation (at rest or on 6MW):
•  Recent hospitalization or exacerbation:

•  Not enough cigarette smoking in past:
•  Other miscellaneous reason:

676

131
50

42

34

22

18
105

•  Too low MMRC21,22 (not breathless enough):

•  Too high Epworth Sleepiness score23:

B

Figure 3. CONSORT (Consolidated Standards of Reporting Trials [18]) diagrams for the Long-Term Oxygen Treatment Trial: (A) through September 2009
(original protocol) and (B) through end of recruitment in August 2014 (final protocol). 6MW= 6-minute walk; COPD = chronic obstructive pulmonary
disease; MMRC=Modified Medical Research Council. Panel B was adapted by permission from Reference 7.
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if the data entered passed the computerized
checks for completeness and conformance
with the eligibility criteria.

Postrandomization Visits
and Follow-Up

Participants randomly assigned to
supplemental oxygen underwent an oxygen
education and titration visit within 1 week of
being randomized. Study personnel asked
participants who were already using
portable oxygen to bring their own
equipment for the ambulatory oxygen dose
titration (see INTERVENTIONS).

Trained adherence educators telephoned
participants randomized to the supplemental
oxygen treatment group weekly for the first
month after randomization, monthly for the
next 5 months, and then every 2 months until
their first annual visit (Table 4; Appendix E2
[LOTT protocol]); the calls provided an
opportunity to address barriers to use of
oxygen and to assess adherence to oxygen
treatment (see INTERVENTIONS). The adherence
educators also telephoned participants

assigned to no supplemental oxygen within
1 week of randomization to address study
participation issues and to address concerns
about the treatment assignment.

Postrandomization contacts for all
participants also included 1) annual follow-up
visits and 2) telephone visits in the
intervening 4-month intervals (Table 3).
Study coordinators encouraged participants
to contact them if any changes in health
occurred between these visits. Participants
also underwent health-related quality of life
assessment via mailed questionnaires at 4 and
16 months after randomization.

Interventions

LOTT investigators prescribed a stationary
oxygen system and a portable oxygen
system for each participant randomized
to supplemental oxygen. The protocol specified
that participants randomized to supplemental
oxygen who had a moderate degree of resting
desaturation (SpO2

89–93%) while breathing
room air at screening use supplemental
oxygen continuously; oxygen prescription at

rest and during sleep consisted of a flow rate
of 2 L/min. An oxygen titration assessment
determined the flow prescription during
physical activity. During the assessment, the
study coordinator instructed each participant
to walk at his/her usual pace. If the SpO2

dropped below 90% during the first 2 minutes,
the coordinator increased the oxygen dose
from a setting of 2 L/min (or an oxygen
conserver setting of 2) by 1-L/min increments
(or oxygen conserver increments of 1) until
the dose kept the participant’s SpO2

at 90% or
more for the next 2 minutes of walking. Thus,
the titration required a minimum
walking duration of 2 minutes and lasted until
2 minutes after the last oxygen flow rate
change, to a maximum of 10 minutes.

Participants randomized to supplemental
oxygen who had a resting SpO2

greater than
93% while breathing room air at screening
(i.e., eligible under the exercise desaturation
criterion) were instructed to use supplemental
oxygen during physical activity (at the flow
rate determined during the titration) and
during sleep (at a flow rate of 2 L/min).

Participants randomized to supplemental
oxygen received the LOTT adherence

Table 3. Long-Term Oxygen Treatment Trial data collection schedule

Follow-Up

BL RZ Year 1 Year 2 Year 3*

Months from Randomization: 22 0 4 8 12 16 20 24 28 32 36
Type of Visit: C C T, M T C T, M T C T T C

Core (all participants, all sites)†

History X X XT XT X XT XT X XT XT X
Room air resting oximetry X X X X
Room air 6MW (24) with oximetry X X X X
Ambulatory dosing‡ X X X X
FEV1, FVC X
Height X
Weight and pretibial pitting edema X X X X
Hemoglobin and hematocrit X
Cotinine (if not using nicotine products) X X
Epworth Sleepiness Scale (23) X
MMRC dyspnea score (21, 22) X X X X
St. George’s Respiratory Questionnaire (25) X XM X XM X X
Quality of Well-Being Scale (26) X XM X XM X X

Expanded (participants at selected sites)
Short Form-36 Quality of Life Scale (27) X X X X
Pittsburgh Sleep Quality Index (28) X X X X
Hospital Anxiety and Depression Scale (29) X X X X
FEV1, FVC X X X
Alpha-1 antitrypsin level and phenotype (30) X

Definition of abbreviations: 6MW= 6-minute walk; BL = baseline; C = clinic; M =mail; MMRC=Modified Medical Research Council; RZ = randomization;
T = telephone.
*Years 4, 5, and 6 follow the same pattern of data collection.
†Table does not show adherence program schedule (see Table 4).
‡For participants randomized to supplemental oxygen.
Adapted by permission from Reference 7.
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promotion program (Table 4 and Appendix
E2). During the regularly scheduled contacts,
the adherence educators provided assistance
with questions and/or concerns about oxygen
use. Thus, the study bundled the randomized
supplemental oxygen therapy with adherence
promotion.

The LOTT protocol (see Appendix E2)
specified that each participant randomized
to the no supplemental oxygen group avoid
using supplemental oxygen unless he/she
developed severe resting desaturation
(SpO2

< 88%) and/or severe desaturation with
exercise (SpO2

, 80% for at least 1 min). If
either of these severe desaturations developed,
the participant was prescribed supplemental
oxygen, and the study staff requested that the
participant undergo a reassessment, after more
than 30 days had elapsed, to determine the
need for supplemental oxygen. If the severe
desaturation persisted on reassessment, then
staff asked the participant to continue using
the supplemental oxygen until the next annual
reassessment. For the participants assigned to
the supplemental oxygen group, the protocol
specified that supplemental oxygen use
continue regardless of improvements in SpO2

subsequent to randomization.
The LOTT did not include a placebo

group. The investigators felt that the objective
primary outcome(s) used in the study (death
and hospitalization) would not be
significantly affected by the nonblinded
treatment. Also, practically, the study did not
have the budget to pay for sham oxygen and
the associated supplies and services.

LOTT investigators encouraged all
participants to avoid cigarette smoking.
Before randomization, the protocol required
each participant to sign an agreement not to
smoke while using oxygen. LOTT
investigators also encouraged optimization
of medical therapy with treatments that
included, but were not limited to, inhaled
bronchodilators, vaccinations, and
pulmonary rehabilitation.

Adherence Assessment

A study coordinator interviewed each
participant regarding supplemental oxygen use,
regardless of treatment assignment, at each
study visit (Table 3). In addition, the scheduled
telephone adherence promotion contacts
completed by participants randomized to
supplemental oxygen included the participant’s
self-report of average hours of supplemental
oxygen use in the last week. For each
participant in the supplemental oxygen group,
a study coordinator collected the written usage
log (tailored to the participant’s type of
oxygen equipment) every 2 months for the
duration of the trial (Appendices E1 and E2).

Outcome Assessment

For the study’s composite primary outcome
components of death and hospitalization,
study personnel used multiple sources of

information for verification (Appendices E1
and E2). The study did not require blinded
assessment of outcomes because it used
objective primary outcome components and
self-completion questionnaires for secondary
outcomes, and this approach would have
required additional personnel and introduced
additional costs. Study sites reported adverse
events according to a standardized approach
(Appendices E1 and E2).The study specifically
assessed adverse events related to study
participation and supplemental oxygen use.

Sample Size and Power

The original sample size for the LOTT of 3,108
participants wasmodified through two protocol
amendments approved by the LOTT DSMB to
a final sample size of 737 participants (Figures 2
and 3). Changing the primary outcome from
time to all-cause mortality to the composite of
time to all-cause hospitalization or all-cause
mortality, whichever occurred first, allowed a
sample size reduction from 3,108 to 1,134
participants. Recognition that the observed
overall treatment crossover rates (11.7%
crossovers from no supplemental oxygen to
supplemental oxygen and 3.1% crossovers
from supplemental oxygen to no supplemental
oxygen) were much less than the overall rates
assumed (21% and 50%, respectively) for the
initial sample size allowed further refinement
of the required sample size. The SIZE design
software program (31) estimated that the study
would require a final sample of 737 patients,
based on a time to composite event survival
model, the log rank test statistic, a hazard ratio
of 0.60 (supplemental oxygen group vs. no
supplemental oxygen group), a two-sided type
I error rate of 0.05, statistical power of 0.90,
and the treatment group crossover rates
observed through January 2012. The hazard
ratio of 0.60 corresponded to the smallest
difference in mortality that the investigators
judged clinically worthwhile (a 40% lower rate
in the supplemental oxygen group than in the
no supplemental oxygen group), on the basis
of the number of patients needed to treat, as
determined in a pretrial survey of the Steering
Committee. Because of the cost and burden
associated with supplemental oxygen therapy,
the Steering Committee also deemed the
hazard ratio of 0.60 as appropriate for the
composite primary outcome. For the no
supplemental oxygen group, we assumed a
33% annual hospitalization rate in those with
and a 10% annual rate in those without a
recent (i.e., past year) COPD hospitalization

Table 4. Components of Long-Term Oxygen Treatment Trial adherence program for
participants randomized to supplemental oxygen therapy

Adherence educator
d Trained and certified in motivational interviewing
d Help participant realize/calculate/recognize/determine his/her personal level of
importance of oxygen

d Help participant articulate/identify his/her personal barriers to adherence and devise
solutions

d Problem solve/troubleshoot, aiming at participant’s problems with adherence
Adherence promotion contacts after treatment assignment

d Within first week (in person)
d Weekly thereafter through 1 mo (telephone)
d Monthly thereafter through 6 mo (telephone)
d Every 2 mo thereafter through 12 mo (telephone)
d Yearly thereafter (in person)

Supplemental oxygen usage reporting
d Logs filled out by participant (could be supplemented by information obtained from
oxygen suppliers), from randomization through end of follow-up and collected every
2 mo
– Meter readings (oxygen concentrator)
– Tank counts (gas tanks or liquid tanks)
– Pounds of oxygen delivered (liquid systems)

d Interview report of average daily hours of use in last week, at each adherence promotion
contact
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(Appendices E1 and E2). We also assumed a
7% annual mortality rate in those with, and a
6% rate in those without, a recent COPD
hospitalization. We therefore estimated a
28% composite event rate per year in the no
supplemental oxygen group. We assumed
that the loss to composite outcome follow-up
would only be 1% of those randomized,
because we would confirm and supplement
direct mortality and hospitalization
ascertainment by clinic staff with searches of
the Social Security Administration Master
Death File (32).

The secondary objectives of the LOTT
included the assessment of treatment group
differences with respect to each component of
the primary outcome: all-cause mortality
(power, 0.39) and all-cause hospitalization
(power, 0.82). Other objectives included a
comparison of the treatment groups with
respect to preference-weighted health-related
quality of life, disease-specific quality of life, and
other outcomes of interest (Tables 2 and 5).
Overall, the LOTT had exceptionally high
power to assess these outcomes, because they
involve continuous or semicontinuous
outcome measures, rather than time-to-event
outcomes. The study protocol also specified
that the LOTT would explore the consistency
of the treatment effects across subgroups
defined by baseline demographic and clinical
characteristics. Subgroups to be examined
included but were not limited to those defined
by age, race/ethnicity, sex, oxygen saturation

during exercise, lung function, and smoking
status.

Statistical Monitoring

A multidisciplinary, independent DSMB
appointed by the NHLBI had responsibility
for monitoring the quality of the data and
protecting the safety of patients enrolled in
the LOTT. The responsibilities and operating
characteristics of the DSMB followed the
NHLBI guidelines for DSMBs (33).

The DSMB made recommendations to
the NHLBI regarding continuation or
discontinuation of the trial. To assist in the
interpretation of the primary outcome, the
protocol specified stopping guidelines using a
total a error of 0.05. The a spending function
approach of Lan and DeMets (34), combined
with an O’Brien–Fleming (35) boundary for
efficacy and a Fleming–Harrington–O’Brien
(36) boundary for futility, was used to define
asymmetric boundaries for efficacy and
futility for a sequence of normalized z-scores
from interim log rank statistics that compared
time to the composite outcome in the
supplemental oxygen group versus the no
supplemental oxygen group (37). In January
2014, with 663 of 738 patients (90%)
randomized, the DSMB changed from
sequential asymmetric boundaries for both
efficacy and futility to sequential symmetric
Lan and DeMets/O’Brien–Fleming (34, 35)

boundaries for efficacy and harm, and futility
monitoring was stopped. The DSMB noted
that extension of the recruitment period
implied extension of the planned follow-up
time, which meant more primary outcome
events than originally determined were
expected to occur (500 expected events,
increased from 351 expected events). This
time extension necessitated revision of the
O’Brien–Fleming interim monitoring
boundaries for efficacy. In addition, the
DSMB was of the opinion that the trial should
be allowed to finish given its uniqueness and
the low likelihood of a similar trial being done
in the future. The DSMB also believed that
demonstration of a reduction in risk of the
primary outcome of lower than the design
parameter (i.e., 40% reduction for those
prescribed supplemental oxygen vs. those not
prescribed supplemental oxygen) would have
value to the medical community. Hence, after
discussion, the DSMB approved going
forward with use of symmetric O’Brien–
Fleming boundaries for both efficacy and
harm that were corrected for efficacy a error
already spent, and replacing futility
monitoring with periodic calculations of
conditional power (38).

TheDSMB evaluated in amasked fashion,
with the option to unmask on request, the
observed data in relation to these guidelines for
consideration of 1) early termination or
modification of the trial due to demonstrated
benefit associated with upper boundary
crossing, 2) early termination or modification
of the trial due to demonstrated harm
associated with lower boundary crossing, or 3)
unmodified continuation of the trial.

Quality Assurance

The LOTT utilized extensive quality control
procedures. Site personnel underwent training
and certification for many study-related
procedures, including the conduct of
adherence phone calls. TheDCC implemented
multiple data quality control procedures,
monitored site performance, and provided
feedback to sites.

Discussion

The LOTT further defined the benefits and
risks of LTOT and its indications in patients
who have COPD and resting and/or exercise-
induced moderate desaturation. Specifically,

Table 5. Long-Term Oxygen Treatment Trial outcomes

Primary
d Death from any cause or first hospitalization from any cause

Secondary
d Death from any cause
d Hospitalization from any cause
d Quality of life and symptoms

– St. George’s Respiratory Questionnaire (25)
– Quality of Well-Being Scale (26)
– Modified Medical Research Council Dyspnea score (21, 22)
– SF-36 (27) (Expanded data collection)
– Hospital Anxiety and Depression Scale (29) (Expanded data collection)
– Pittsburgh Sleep Quality Index (28) (Expanded data collection)

d Medical and pulmonary
– COPD exacerbations
– Health care utilization
– Pretibial edema
– Nutritional status
– Development of severe resting desaturation
– Development of severe exercise desaturation
– Spirometry values (Expanded data collection)

d Exercise performance
– 6-min walk distance (24)

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; SF-36 = Short Form-36
Quality of Life Scale.
Bold type item added as protocol amendment #1 (see Figure 2).
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the LOTT addressed whether the provision of
supplemental oxygen treatment reduces time
to hospital admission and/or death for these
patients.

To address limitations of previous studies
of LTOT, such as female underrepresentation,
small sample size, limited ability to do
appropriately powered subgroup analyses, and
poor generalizability based on narrow eligibility
criteria (6), the LOTT utilized a relatively
broad set of eligibility criteria, a large sample
size, and a fairly broad range of participants
that allowed for meaningful subgroup
analyses. The LOTT chose to use the practical
and more common approach of pulse
oximetry for arterial oxygenation assessment,
instead of the more burdensome arterial blood
gas analysis approach, and the protocol
included multiple quality control procedures
to ensure use of reliable and accurate oximetry
data. The two primary inclusion criteria
related to resting and exercise-associated
moderate desaturation allowed the LOTT to
answer important questions about two
primary indications for LTOT. The LOTT had
good power for assessing multiple important
secondary endpoints.

For LOTT participants randomized to
receive supplemental oxygen, the treatment
also included an education/training/adherence
promotion program. All participants had to
commit to avoid cigarette smoking during
oxygen use. The LOTT investigators believe
that supplemental oxygen prescription in the
“real world” should include such
interventions.

The Steering Committee dealt with many
challenges when designing and conducting the
LOTT. The investigators spent much time
debating eligibility criteria, specifics of the
oxygen intervention, primary and secondary
outcomes, and other aspects of the protocol.
Some challenges became quite apparent
during the conduct of the trial, and some led to
important amendments in trial design.

The initial strict eligibility criteria limited
study enrollment, so the protocol quickly
underwent a revision to broaden the types of
patients allowed into the trial. Because the
revision occurred early in the trial, it did not
affect the quality of the data or the ability to
interpret the outcomes, and it improved the
generalizability of the trial while also
improving its feasibility.

The LOTT experience demonstrated the
importance of palatability of the study to the
potential participants and their health care
providers because of its effects on study
eligibility and related feasibility and efficiency

implications. Investigators learned to better
consider the mindset and willingness of the
health care providers to support the conduct of
the trial. Investigators also learned that the
eligibility criteria may affect adherence
to prescribed therapy based on the types
of patients that enroll in trials.

The LOTT also demonstrated the
negative effects of unrealistic investigator
optimism regarding patient recruitment.
The experience supports the approach
of monitoring for, identifying, discussing,
and addressing recruitment concerns as early as
possible and throughout the trial. This
approach would also allow investigators to
anticipate criticism/skepticism from the
sponsor and the DSMB. The experience
suggested that development (and
implementation) of a toolbox of recruitment
methods, and nonreliance on a single “savior”
method, would help to optimize recruitment.
The investigators learned that trial design
should be based on an understanding of
patient concerns, and that programs should be
implemented to improve patient engagement.
In addition, a pilot study could have
identified recruitment challenges and eligibility
criteria problems, although the investigators
felt that adequate data from other smaller
studies already existed.

To address recruitment issues, instead of
only utilizing primary clinical sites, the LOTT
utilized satellite sites. The initial satellite network
concept had the primary site as the hub and
geographically close satellites as the spokes.
However, the satellite concept became less
geographically restrictive over time. Networks
of primary and satellite sites developed on the
basis of personal relationships between
investigators or happenstance networking. The
LOTT recruited and activated satellite sites
throughout the 5.5 years of recruitment,
although all certified sites did not successfully
screen and randomize a participant. The LOTT
satellite sites contributed 54% of the
randomized population. From the satellite
experience, the LOTT investigators learned to
better engage the community, to provide
meaningful involvement for community
investigators, to be open to suggestions about
developing flexible recruitment infrastructure,
and to anticipate the long processes of
negotiations and contracting and the need
to address them early.

To improve study feasibility, knowing that
hospitalization of patients with COPD
significantly increases the risk of death (39), the
investigators changed the primary outcome to
a composite of time to hospital admission or

death (whichever occurs first). This change
occurred early in the LOTT timeline, and it
allowed for a significant reduction in the
required sample size. Lower than expected
crossover rates during the trial allowed for a
further reduction in the required sample size,
although the LOTT methodology did not
include an adaptive design clinical trial (40).
Because none of the protocol amendments
involved an evaluation of outcome data, these
protocol changes did not introduce statistical
biases into the trial (40).

The LOTT investigators made some
incorrect assumptions about outcome
event rates. During the design process,
the Steering Committee reviewed
published literature, solicited expert opinion,
and reviewed local research databases for data
on mortality in the COPD population of
interest, and generated a 6% (range, 4–8%)
mortality per year consensus estimate.
The Steering Committee consisted of
individuals with expertise in COPD, extensive
experience in caring for patients who have
COPD, and a track record of conducting
clinical trials in patient who have COPD. The
experience reiterated to investigators that
people who enroll in trials (or who are advised
to enroll in trials by caregivers) may differ in
subtle ways from the general population, and
the event rate estimates derived from
general populations may not replicate in the
trial population. The investigators learned a
similar lesson regarding expected versus
observed treatment crossover rates. Because
the choice of the primary outcome and the
estimates of the outcome event rates and the
crossover rates have significant effects on
sample size requirements and the power of
the trial, investigators were reminded of the
importance of pretrial scrutiny of these issues
and their supporting data and the need for
accurate rate estimates.

The LOTT did not mask study personnel
or participants to randomized treatment
assignment. The Steering Committee
discussed possible ways to attempt masking,
but ultimately decided that masking had a low
likelihood of success and lacked feasibility.
Because unmasked treatment assignment
would likely not affect assessment of the trial’s
relatively objective primary endpoint
components of hospitalization and death,
the Steering Committee also did not require
masking of assessors (those collecting the
data). The LOTT did not use masked
adjudication of outcomes because the trial
used objective criteria for determining their
presence or absence. The nonmasked
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treatment assignment could have potentially
affected some of the secondary outcomes,
however.

In summary, the LOTT investigators
conducted the largest randomized clinical
trial of supplemental oxygen use to date. The
results of the LOTT further clarified the
indications for supplemental oxygen use.
Lessons learned in the design and conduct of
the LOTT will assist future trials that will
assess the efficacy and safety of LTOT and
other interventions. n
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