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analysis in survival data: a cautionary tale
of the PANAMO phase lll randomized, controlled
study in critically ill COVID-19 patients

Christian E. Sandrock' and Peter X. K. Song®’

Abstract

stratification corrects this discrepancy.

Current guidelines tend to focus on a p-value threshold of a pre-specified primary endpoint tested in randomized
controlled clinical trials to determine a treatment effect for a specific drug. However, a p-value does not always
provide evidence on the treatment effect of a drug, especially when stratification of the data does not account

for unforeseen variables introduced into the analysis. We report and discuss a rare case in which investigational

site stratification in the pre-specified analysis method of a primary endpoint results in a loss of statistical power

in the evaluation of the treatment effect due to data attrition of almost 17% of outcome data in the phase lll rand-
omized, controlled PANAMO study in critically ill COVID-19 patients. Other analyses utilizing no or different stratifica-
tion (e.g,, stratifying by country, region, pooling low enrollment clinical sites) evaluates 100% of patient data result-
ing in p-values suggesting a positive treatment effect (p < 0.05). We demonstrate how this technical artifact occurs
by adjustment for site stratification within the Cox regression analysis for survival outcomes and how alternative

Keywords Cox proportional hazards regression, Survival analysis, Vilobelimab, PANAMO, COVID-19

Introduction

Physicians and scientists often use the p-value to report
statistical significance in the pre-specified analysis
method for the defined primary and, if applicable, sec-
ondary outcome(s) when evaluating data of randomized
controlled clinical trials. This approach is reflected in the
development and adoption of international harmonized
guidelines for Structure and Content of Clinical Study
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Reports (ICH E3) to regulatory authorities, for Good
Clinical Practice (ICH E6) in the conduct, monitoring,
and reporting of clinical trials, and Statistical Principles
for Clinical Trials (ICH E9) which outlines the principles
of statistical methodology applied to clinical trials for
marketing applications submitted to regulatory authori-
ties [1-3]. Rigorous data handling, analyses, and report-
ing ensures the validity of a statistical hypothesis test
used in well-performed and controlled experiments such
as a high-quality clinical trial. Reviewers of manuscripts
are regularly confronted with claims by investigators and
sponsors that post-hoc analyses of clinical trial subgroups
using non-prespecified endpoints or when applying a dif-
ferent, non-prespecified test suggest treatment effects. To
control for type I error, which means incorrectly rejecting
the null hypothesis (i.e., claiming the drug has an effect
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when it does not), researchers typically aim to control the
overall type I error rate at level of 5%, which may present
a technical challenge in some clinical studies that involve
multi-stage decision making [4]. This is also referred to
as a significance level (alpha) of 0.05 in a statistical test.
Testing a hypothesis multiple times is problematic with
no multiplicity adjustment as it suffers from an increased
probability of type I error [5, 6].

Statistical methods can have limitations when data are
missing from the analysis. Therefore, expert statisticians
and trained reviewers of regulatory authorities will usu-
ally not rely on one p-value or one test alone to judge
the quality and the robustness of a clinical data set. An
important principle for the evaluation of randomized
controlled clinical trial data is the “intention to treat”
(ITT) principle, meaning that the data of all enrolled,
randomized patients are assessed for a primary out-
come analysis [7]. Analyzing all available data is impor-
tant because any exclusion of data, be it arbitrary or be it
intentional, can lead to a significantly biased assessment
of the effectiveness of a drug or intervention. This ITT
principle is also reflected in regulatory guidance docu-
ments such as FDA or ICH guidelines for the analysis
methods applied for primary outcome analysis in clinical
trials [8].

Background for the PANAMO study statistical
analysis

The recently published PANAMO phase III study was
a 1:1 randomized placebo-controlled, global clinical
trial in adult patients with severe COVID-19 [9]. The
study which randomized 369 patients was designed for
a 90% power to demonstrate an improvement in 28-day
all-cause mortality (the primary endpoint) for a new
monoclonal antibody treatment binding and blocking
the complement factor C5a (vilobelimab, tradename
Gohibic™). C5a is a well-researched component of host
immune response which can lead to tissue damage after
infections [10]. The sponsor of the study suggested in
its statistical analysis plan (SAP) protocol, under which
the trial was conducted, to analyze this primary end-
point using an age-adjusted Cox regression without site
stratification to assess the risk of all-cause mortality. The
PANAMO trial was conducted between October 2020
with the last patient randomized in October 2021. The
US Food and Drug Administration (FDA) then recom-
mended to incorporate investigational site stratification
as an adjustment in this Cox regression to account for
potential cross-site heterogeneity in the latter stage of
full enrollment for the study [11]. This approach was then
adopted by the sponsor in the SAP shortly before the
database was locked. Thus, the site-stratified Cox regres-
sion became the pre-specified method for the analysis of
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the clinical trial data, and the originally proposed analysis
using a non-site stratified approach became a post-hoc
analysis. It is important to note that changes to the SAP
are frequently seen and accepted prior to the unblinding
of many studies.

When the data from PANAMO was analyzed using site
stratification within Cox regression, however, approxi-
mately 17% of all enrolled patients were excluded from
contributing to the analyzed output. Consequently, the
resulting p-value (0.094) reflected this exclusion due to
reduced power of the study. However, the FDA within
its published review acknowledged this technical limita-
tion and adopted the originally proposed method (Cox
regression without site stratification adjustment) as
the “more reliable” method (p=0.026) and stated that
“there were no data integrity issues” ultimately conclud-
ing on a significant mortality benefit being demonstrated
[11]. This conclusion was the basis for an emergency use
authorization of Gohibic in the US for the treatment of
COVID-19 in hospitalized adults when initiated within
48 h of receiving IMV or ECMO [12]. The originally pub-
lished article in Lancet Respiratory Medicine [9] also
came to a similar conclusion within its abstract, “In addi-
tion to standard of care, vilobelimab improves survival of
invasive mechanically ventilated patients with COVID-19
and leads to significant decrease in mortality,” despite the
reported negative p-value from the pre-specified analysis
method, recognizing its limitation.

What happened statistically?
Within Cox regression analysis, adjustments can be
made for confounders which are known or expected to
have an impact on the outcome parameter survival [13].
Importantly, in the PANAMO phase III study, all Cox
regression analyses were adjusted for age, as age has been
demonstrated to impact survival in COVID-19. Adjust-
ing for site stratification within Cox regression could be
justified if site-specific heterogeneity was assumed to be
a confounder for the outcome mortality. However, when
adjusting for site stratification in Cox regression analysis,
the Cox partial likelihood estimation method (i.e., the
mathematical procedure) requires calculation of site-spe-
cific risk sets separately for each site to reflect heteroge-
neous baseline hazards across sites. Technically, for a site
that has no events (e.g., no deaths) or a site that contains
only one enrolled patient regardless of survival status, the
corresponding risk set has no variability and thus does
not contribute to the formation of the partial likelihood.
Consequently, this excludes data from all such sites in the
data analysis and creates data attrition, something not
anticipated by the FDA’s request.

In the PANAMO phase III study, this was the case for
61 patients (16.6% of the total enrollment): 55 patients
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from sites with no events (i.e., deaths) plus 6 patients
from single patient sites who died. By chance, these 6
patients from six singletons were all placebo deaths and
not a single death from the vilobelimab group; thus,
excluding them from the data analysis caused under-
estimation of the treatment effect. Because a factual
exclusion of all patient outcome data from these sites is
involved in the analysis, the resulting p-value was com-
promised. Therefore, this hidden bias due to a reduced
effective sample size and unbalanced treatment alloca-
tion tipped the p-value above the significance level.

Empirically, we can verify the above insight by remov-
ing these 61 patients in a fit of the remaining data to the
site-stratified Cox regression, which generated the iden-
tical output (p-value, hazard ratio and confidence inter-
vals). When analyzing the data set with the originally
proposed protocol method using Cox regression without
site stratification, the analysis reported a positive finding
with a hazard ratio (HR) of 0.67 and a p-value of 0.026
(Fig. 1), which was adopted by the FDA in its published
review as the more reliable method.

In order to reflect the original motivation of site-strat-
ified analysis to account for geographic diversity and
population heterogeneity while addressing the technical
challenge caused by local risk sets (e.g., confounding of
race and health disparities), a country-level or region-
level stratification may be deemed more appropriate.
Also, one might argue that the healthcare system (coun-
try) may have more impact on mortality as it crucially
impacts intensive care treatment modalities (i.e., which
drugs are approved and paid for within the healthcare

Page 3 of 5

system) as well as unit staffing with qualified personnel
and other factors. Fitting the country-stratified or the
region-stratified Cox model, as well as the multilevel
frailty Cox model with random effects to account region-
specific heterogeneity, the resulting p-values for the
treatment effect all suggested positive findings with the
estimated hazard ratios varying in similar ranges (Fig. 1).
The same phenomenon was repeated for the pre-speci-
fied sensitivity analysis using logistic regression as well
as for a post-hoc simple group comparison via log rank
test. When these same analyses were applied, the key sec-
ondary endpoint, 60-day all-cause mortality, comparable
patterns of HRs, confidence intervals, and p-values were
observed.

Conclusions

The PANAMO phase III analysis is a rare case in which
the stratification in the pre-specified analysis method
introduced an unintended bias such that the p-value
reflected inaccurate or incomplete information about the
entire available data set, the ITT population. The intro-
duced unintended bias could be adequately explained
and proven by analyzing the data set by Cox regression
without site stratification or use of proper stratification
by geographical region or small site pooling. Such addi-
tional evaluation should therefore not be dismissed as an
“invalid” post-hoc analysis when the stratification in the
pre-specified analysis leads to the described data attri-
tion and sampling bias. If study population stratifica-
tion is planned in a trial, the power analysis should take
multiple subgroup analyses into account in the SAP a

Model p-value HR
Stratified by site (primary per SAP) 0.094 0.73 t y } 61 Patients are factually not contributing to the
analysis output. These were made up of
Unstratified (primary per protocol) 0.027 0.67 k ] { + 55 patients from sites with no events (no
death), plus
Stratified by region 0.014 0.64 I L i i . X
* 6 patients (all placebo from single patient
ites with death
Stratified by country 0.007 061 t i | s dea
Random effect for site (Frailty) 0.018 0.65 I L {
Stratified by pooled site (n=1,2,3) 0.040 0.68 k E { . )
Pooling of sites
Stratified b led =1,2,3,4 0.041 0.68 I L i eanductied onIy
tratified by pooled site (n=1,2,3,4) . - ! i within each
country !
Stratified by pooled site (n<10) 0.019 0.65 k i !
T T T T T 1
0.40 0.60 0.80 1.0 12 18

Hazard ratio for vilobelimab versus placebo

Fig. 1 Cox regression analyses performed on the phase Il PANAMO study population. p-values, hazard ratios (HR), and confidence intervals
for various age-adjusted and stratified Cox regression analyses (Model) within the PANAMO phase Ill primary outcome data for 28-day all-cause

mortality
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priori. It is also not a problem of alpha-inflation when
applying an adequately stratified analysis to avoid data
attrition that impacts randomization and exerts sam-
pling bias. Journals, reviewers, and guideline commit-
tees have no standard for assessing data for such a case
and reporting guidelines mandate, for good reasons,
only to use the pre-specified analysis method. Unfortu-
nately, falling short of the p-value cutoff of 0.05 for sta-
tistical significance impairs the validation of a study to
report a positive finding of treatment benefits (i.e., meet-
ing the primary endpoint) in the eyes of guideline com-
mittees, hospital formulary committees, health systems,
and healthcare providers. Regulatory guidelines, on the
other hand, mandate the application of the ITT principle
for outcome analyses. It seems reasonable that experts
charged with assessing and/or recommending on such a
case should be encouraged to ask for or have the spon-
sors construct a more in-depth data evaluation aiming at
judging the entire data set. Otherwise, the choice of the
statistical method would overrule the actual information
contained in the data set which contradicts the purpose
of conducting well-controlled clinical trials. It is impor-
tant to consider the described shortcoming of adjusting
for site stratification within Cox regression when it leads
to hidden data attrition and unbalanced treatment allo-
cation. This may influence the analysis resulting in clini-
cal conclusions based on a statistical decision of rejecting
or accepting the null hypothesis of no treatment effect
under a prefixed type I error, say, 0.05.

In conclusion, by considering the entirety of the ITT
data set, vilobelimab demonstrated a positive survival
benefit for all applied methods which included the 369
randomized patients, the ITT population in PANAMO
[9], thus supporting the FDA'’s issuing of an EUA [11, 12].
Adjusting for site stratification within Cox regression
can introduce a hidden data exclusion from smaller sites
or sites with no events and a potential bias in treatment
allocation, which should be carefully examined before
being chosen as a pre-specified analysis method. Inves-
tigators in all controlled clinical trials should be aware of
this limitation when considering applying site-stratified
Cox regression analysis, and in such situation, the use of
the random-effects modeling approach to address site-
specific heterogeneity, as showcased in our frailty Cox
model, may be considered.
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