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Randomized Controlled Trials (RCTs) in oncology are the backbone of advancing the clinical practice
of oncology. Their significance is particularly pronounced in high-impact and influential journals
such as the NEJM, The Lancet, The Lancet Oncol, JAMA, JAMA Oncol, and JCO. However, previous
works have highlighted that RCT's often fail to provide complete reporting of survival endpoints,
which can jeopardize the oncologist's interpretation of the study findings.

This is a narrative review in which we provide some basic concepts of survival statistics and apply
these in the analysis of six RCTs published in these six journals. These articles were selected solely
by scanning the latest issues (printed) on the journals' web pages. The first RCT on a solid tumor to
appear in the corresponding journals was selected. No other criteria were applied.

We found that these six trials failed to provide crucial data, such as the number of survival events,
patient censoring, and the presentation of both absolute and relative effect sizes on survival, to
different extents.

This report study focuses solely on a small subset of RCTs from high-impact journals, which may
not represent the reporting practices of oncology RCTs published in other journals or at different
times. The most well-informed party should be the patients, who ultimately benefit from improved
RCT reporting. We hope this work will inspire oncologists to sharpen their skills in analyzing RCT's

and encourage statistician experts to contribute their valuable insights and knowledge on this issue.
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1. Introduction

Currently, there is a hegemonic narrative about progress in cancer therapy commanded by the "big-
six," the NEJM, The Lancet, The Lancet Oncol, JAMA, JAMA Oncol, and JCO, high-impact and
prestigious medical journals, whose publications heavily influence the practice of Oncology. The
publication in these journals of a randomized controlled trial (RCT) is like a blessing for the tested
drug, and the results are greatly amplified by the mass media and pharma industry, which commonly
uses "superlatives" to communicate the results of RCTIHI21 Oncologists and cancer researchers also
participate in the narrative by publicizing or sharing the achievements and suppressing unfavorable

information on RCT results3l.

On the other hand, it is a fact that despite arguments justifying the use of surrogate markers,
specifically progression-free survival (PFS) or even response rate, which is not discussed here, it
seems clear that the bar for newer drug approval in oncology has been lowered4l5161 For a
proportion of drugs, the benefit of survival has never been confirmed!Zl[8] This is not to say that
individual cancer patients may not benefit. However, as a society, we must remember that to reduce
cancer mortality, we need treatments that, if not a cure, at least increase the overall survival (0S)
rates, not only the median survival time. This should serve as a motivation for oncologists and cancer
researchers to strive for more effective treatments. Accordingly, a recent study has shown that novel
pharmaceuticals increased patient survival by a median of 2.8 months for OS and 3.3 months for

prsiol,

A very well-orchestrated form of feeding the progress narrative is to present the results of the RCT in
a statistical manner intended to highlight the good results and neglect the non-favorable results of
the trial. This is coupled with the phenomenon termed '"spin," which can be defined as the
misrepresentation and distortion of research findings that affect clinical decision-making. Spin has

been found not only in oncology but in randomized RCTs published in various fields of medicinel20111]

The main aim of this narrative review is to provide some basic concepts of survival statistics and apply
these concepts in the analysis of 6 RCTs published in the big-six (NEJM, The Lancet, The Lancet
Oncol, JAMA, JAMA Oncol, and JCO). These articles were selected solely by scanning the latest issues
from October to August 2024 (when we started to write this work) on the webpage of these journals.

The first RCT on a solid tumor appearing was selected in these journal issues. No other criteria were
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applied. The analysis of these RCT's was not intended to generalize our findings but to be used to be
analyzed under the statistical concepts reviewed. This narrative review might equip clinical
oncologists to better analyze RCT results in oncology. It is important to remark that we are peers with
no formal training in statistics, and readers are encouraged to get more acquainted with medical

statistics.
2. Main elements of the survival analysis

2.1. Survival curves

Because of the nature of oncological diseases, particularly those in advanced stages, that
unfortunately cause the death of patients, it is easy to understand why the most valuable endpoint in
most RCTs on cancer is survival. The most widely accepted and currently used method for evaluating
survival is the Kaplan-Meier method (K-M). In clinical trials, the effect of an intervention is assessed
by measuring the number of subjects who survived after that intervention over some time. The time
starting from a defined point to the occurrence of a given event, for example, death, is called survival
time, and the group data analysis is survival analysis. The K-M outputs a curve that graphically
represents the survival rate or function and is the simplest way of computing survival over time,
accounting for censored or incomplete observations. Time is plotted on the X-axis in a K-M curve, and

the survival rate is plotted on the Y-axis.

The construction of a survival K-M curve needs the time when the patient entered the study and the
status: 1 for the event (death) and o for alive (alive can be censored because the patient left the study
for any reason (left censoring) or remains in the study without having the event (right or
administrative censoring). A typical K-M survival curve displays the median survival (when half of
patients have died) and the survival estimates at specific time points, i.e., 1-, 2-, 3-, 5-year. The same

concepts apply to PFS curves. In this case, the event can be progression or death.

The RCT must report the median follow-up time with 95% CI (minimum-maximum). The
information on the number of events (deaths) is critical for interpreting the curve and calculating
survival percentages (these numbers are usually placed in the upper right of the curve). It is essential
to reinforce that the number of events reported is actual and not actuarial or estimated when a study is
reported (either preliminary or final results). Therefore, the survival percentage is marked at the

intersection of a vertical line on the median follow-up time with the Y-axis (survival percentage). Any
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deviation from this is suggestive of inconsistencies in the survival analysis. This fundamental
principle goes beyond the number and time of censored patients because the curve is constructed with
only two variables, time and status, and the status cannot be other than 1 for the event and o0 for no
event (0 can be either censored because the patient was lost to follow-up for any reason or censored

because she/he continues not having the event at the last follow-up), (Recommended articles131[14]

[151061[171)

A lack of adherence to this principle may lead to higher or lower survival estimations, jeopardizing the
study's interpretation. Examples are shown in Figure 1. As observed, the percentage of PFS or OS

obtained from the total number of patients and events is reflected at the median follow-up time.
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Figure 1. PFS and OS curves from two RCTs published in the NEJM. Left, figure 2 of[18], Right, Figure 1

off29l.

Figure 2 shows curves from two RCTs of docetaxel versus pembrolizumab in which this principle is

observed in the curve on the left but not in the curve on the right.
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Figure 2. PFS curves from two RCTs in NEJM. (Left, figure 2A from{2%] and right, figure 3 from JAMA

oncol2L), In the left curve, percentages coincide. On the right, the groups slightly differ in median
follow-up, 7.9 and 8.9 months. While the percentage coincides with pembrolizumab plus docetaxel

(asterisk), it does not in the docetaxel group.

2.2. Comparison of survival curves

For RCTs in oncology, whose endpoint is OS or PFS, it is critical to investigate whether the survival
differences are statistically different between the control and the experimental arm. This is most often
done with the log-rank test22l The log-rank test examines the 2 x 2 table consisting of observed
versus expected failures in each group whenever a failure occurs and tests significance across all the
tables. The test can be extended to more than two groups. While the log-rank test is used to test
whether the difference in survival times between two or more groups is statistically different, it does
not allow testing the effect of additional independent variables, while the Cox proportional hazard
model enables the test of the effect of other independent variables on the survival times of different
groups of patients, just like the multiple regression model. Hazard is the dependent variable and can
be defined as the probability of having the event at a given time, assuming the patients have survived
up to that time. The Hazard Ratio (HR) is the ratio of the hazard occurring at any given time in one
group compared with another group at that very time. The log-rank and Cox proportional hazard tests

assume the HR is constant over time[231.

Nevertheless, to fully take advantage of the information gathered in RCT published results regarding

survival outcomes, the survival analysis should be seen as a “double analysis” presenting i) the results
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expressed as Hazard Ratio that informs on the estimated time it takes for a patient to fail (quantitative
variable or time to fail) and ii) the survival probabilities of being alive expressed on either relative (RR)
or absolute risks (AR) (dichotomous qualitative variable, alive or dead). The presentation of
quantitative and qualitative results is needed to have a complete interpretation of the survival

outcomes of an RCT.

2.3. Quantitative variable. The Hazard Ratio (HR)

The HR is the outcome of the Cox Proportional Hazard Model, and today, it is increasingly common for
the results of survival differences of RCT in cancer to be presented as HR. The HR of the control
regimen to the experimental regimen is given by exp[p]. When the HR is 1, there are no differences in
the time patients in both arms take to suffer the event (death for OS or progression in PFS). An HR <1
indicates the experimental arm is better (patients take longer to have the event). In contrast, an HR >1
indicates that the control arm is better and the experimental arm is worse (experimental arm patients

have a shorter time to reach the event).

As the starting point of interpreting HR, the higher the HR decreases, the higher the increase in
survival probabilities; however, the magnitude of these survival estimates depends on the survival
estimates of the control arm and is not linear. The non-linearity means that at equal HR decreases, the
survival probabilities are higher if the control arm survival is low and vice versa. These concepts can
be exemplified as follows: At an HR of 0.80 (HR decrease of 20%), when the 1-year OS probability in
the control arm is 80%, the corresponding 1-year OS probability in the experimental arm would be
84.5%. On the contrary, under the same HR of 0.80, if the 1-year OS probability in the control arm is
20%, the corresponding 1-year OS probability in the experimental arm would be 29%. When the HR is
0.20 (80% decrease), when the 1-year OS probability in the control arm is 80%, the corresponding 1-
year OS probability in the experimental arm would be 96%. On the contrary, at the same HR of 0.20
(80% decrease), if the 1-year OS probability in the control arm is 20%, it would be 72% in the

experimental(23)(24), These scenarios are shown in Figure 3.
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Figure 3. The HR effects on survival depend on OS probabilities of the control arm. The curves are

drawn just to illustrate the phenomenon.

It is key to remember that the Cox proportional hazard model is based on the assumption that the
ratio of the two hazard functions is approximately constant over time. Such a ratio estimate may
capture the relative difference between two survival curves when this assumption is plausible.
However, the clinical meaning of such a ratio estimate is difficult, if not impossible, to interpret when
the underlying proportional hazards assumption is violated (i.e., the hazard ratio is not constant over
time). The most obvious example of a non-proportional hazard is when the survival curves cross.
Ideally, the analysis should include a test for the proportionality hazard assumption in each RCT, but
this is rarely done. There are several well-known alternatives for quantifying the underlying
differences between groups concerning a time-to-event endpoint, but this is a complex issue beyond
the scope of this review and suffices to state that the restricted mean survival time (RMST) at a
prespecified, fixed time point is a frequently used measure to report the difference between two
survival curves when the assumption is not met[251[261027] A typical example of a survival curve where

the assumption of proportionality was not met is the sotorasib triall28] as shown in Figure 4.
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Figure 4. The proportionality hazard assumption is lacking. In the first half, the HRs favor sotorasib,

and the opposite favors docetaxel28] curves crossed approximately around month 9, but this fact

went unmentioned in the Lancet publication. In this case, with an HR of 1.01, the difference is not

statistically significant for OS.

2.4. How the HR is calculated

26

Several statistical packages can calculate the HR of the Cox proportional hazard model. However, to

help understand where the HR values come from, we show in Figure 5 a simple guide to calculating

them with a pencil, a piece of paper, and a pocket calculator.
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Figure 5. Illustration on an OS curve of how Hazard and Hazard Ratio are calculated at different time

points. The averaged individual HRs determine the HR (final) of the study@.

In this OS figure, yellow is the curve of the experimental arm, and blue is the control arm, which has
253 and 249 total patients, respectively. The HR (final), 0.75, is the mean of many individual HR
measurements throughout the study period. Here, we only calculate three individual HR
measurements. At 6 months (red vertical line), 12 months (purple vertical line), and 18 months (green
vertical line) and averaged them. Because we cannot access the actual data, we visually estimated the
number of dead patients from the curves at these three time points. At six months, we estimate 51 and
83 deaths (red numbers), 125 and 159 at 12 months (purple numbers), and 170 and 189 at 18 months
(green numbers) for experimental and control arms, respectively. At 6 months, the Hazard for the
experimental arm is 0.20 (51+253= 0.20), and for the control arm, it is 0.33 (83+249=0.33). To
calculate the Hazard Ratio at 6 months, we divide the Hazard for the experimental arm by the Hazard
for the control arm (0.20+0.33=0.60). Therefore, the HR at 6 months is 0.60. The same procedure is
repeated for 12 and 18 months, resulting in HR values of 0.77 and 0.89. Finally, we average these

individual HR values to obtain the final HR, 0.75. (HR=0.60+0.77+0.83 + 3 = 0.75).

2.5. Statistical significance. P-value and Confidence Interval

P-values mean the probability that an observed difference is due to random chance when the null

hypothesis is true. Although a P-value is appropriately considered a statistic interpretable across a
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range of values, in contemporary experimental studies, 'statistical significance" is now
conventionally set at <0.05. The null hypothesis is appropriately rejected if the Type I error probability
is <5%. Although a P-value helps determine the reliability with which the null hypothesis can be
rejected and the strength of the observed result, it does not provide information regarding its

precisionfl‘mﬂ.

The Confidence Interval (CI) is widely used to assess the precision of the P-value result. The CI is
calculated around the point estimate of the result to provide a range of values within which the actual
value is expected to exist with a given level of confidence. A wide CI suggests an imprecise result and
indicates that the results should be interpreted cautiously regardless of statistical significance. Under
the conventional acceptance of statistical significance at a P-value of 0.05 or 5%, the CI is frequently
calculated at a confidence level of 95%. Generally, if an observed result is statistically significant at a
P-value of 0.05, the true value should fall within the 95% CI. Accordingly, the P-value and the 95% CI
are taken together to establish if statistical significance exists. For a statistically significant difference
to exist in favor of the experimental arm, the HR must be not only lower than 1, but the upper limit of
the 95% CI should not reach 1. If it does, then the result cannot be considered statistically significant.
It should be noted that the P-value does not necessarily have to be 0.05; it can be lower if
contemplated in the statistical plan described in the methods of the RCT. The sample size is calculated
based on the assumption of a predetermined HR reduction, type-II error (most commonly 80% to

90%), and type-I error or two-sided p-value and the CI valuel311[32]

2.6. One-tailed and two-tailed test

Using a significance level of 0.05 in a two-tailed test, half of the alpha is used to test the statistical
significance in one direction, and half is used to test the statistical significance in the other direction.
This means that 0.025 is in each tail of the distribution of the test statistic. When using a two-tailed
test, regardless of the direction of the relationship you hypothesize, you are testing for the possibility
of the relationship in both directions. With the one-tailed test, the possibility of the relationship is in
one direction only, completely disregarding the possibility of a relationship in the other direction.
According to these simple concepts, choosing a one-tailed test to attain significance is inappropriate.
Likewise, choosing a one-tailed test after running a two-tailed test that failed to reject the null
hypothesis is inappropriate, no matter how 'close" to significant the two-tailed test was. Using

inappropriate statistical tests can lead to invalid, non-replicable, and highly questionable results. A
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similar situation can occur for the Confidence Interval—a wider CI above 95% results in a higher
imprecision of the P-valuel221(321 The RCT study GOG240 testing bevacizumab in advanced cervical

cancer is a noticeable example. The trial used a one-sided test with a 98% CI[331, which increased the
"acceptance' area. The effect of these two concepts on the probability of attaining statistical

significance in an RCT is shown in Figure 6.

Two-Tailed One-Tailed

4 ' L ) regamgl
0.025 0.05

0.025

y W N

Figure 6. One-sided testing completely disregards any effect in the opposite direction, whereas the

wider the CI, the lower the precision of the result.

2.7. Absolute and Relative Risks as dichotomous qualitative variables

Absolute Risk. A measure of the effect of a treatment in an oncology RCT that has OS as an endpoint
(the same applies to PFS) is to look at the frequency of bad outcomes (death for OS and
progression/death for PFS) of disease in the experimental group being treated compared with those in
the control arm and, for instance, supposing that a well-designed randomized controlled trial in
cancer found that 20% of the control group died, compared with only 12% of those receiving
experimental treatment. Without knowing more about the adverse effects, cost, or any other details of
the therapy, the treatment reduces the number of deaths in treated patients. Here is where we need to
consider the risk of treatment versus no treatment. In healthcare, risk is the probability of a bad

outcome in people with the disease.
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On these grounds, Absolute Risk (AR) is the most helpful way of presenting research results to help the
decision-making process. In this example, the AR Reduction (ARR) is 8% because 20% minus 12% =
8%. This means that if 100 patients were treated with the experimental drug, 8 would be prevented
from dying. A complementary way of expressing the ARR is the Number Needed-to-Treat (NNT). If 8
patients out of 100 benefit from treatment, the NNT is 13 because 100 + 8 = 12.5 (the NNT is always
rounded up). In cases where the experimental treatment leads to a worse outcome, the NNT should be
Number Needed-to-Harm (NNH), and the resulting NNH should be rounded downl34l Absolute Risk
and NNT with 95%CI from the RCT discussed here were obtained from the Risk Reduction Calculator

http://araw.mede.uic.edu/cgi-bin/nntcalc.pl

2.8. Relative Risk

The relative risk (RR) is essentially the same, but the percentages are divided instead of subtracted, as
in Absolute Risks. Using the same example above, the relative risk reduction (RRR) is 0.60 because
(12 percent + 20 percent = 0.60). When a treatment has an RR higher than 1, the risk of a bad outcome
is increased by the treatment; when the RR is less than 1, the risk of a bad outcome is decreased,
meaning that the treatment is likely to do well. For example, when the RR is 2.0, the chance of a bad
outcome is twice as likely to occur with the treatment as without it, whereas an RR of 0.5 means that
the chance of a bad outcome is twice as likely to occur without the intervention. When the RR is exactly

1, the risk is unchanged.

Intuitively, it is more straightforward and more “real” to present the survival results in terms of

Absolute risks rather than Relative Risks. Unfortunately, trial sponsors, medical journals, and the

media prefer Relative Risks because they magnify the treatment effects(35], Figure 7 shows how

Relative Risk Reduction can make an enormous difference in Absolute Risk Reduction.

geios.com doi.org/10.32388/RNYMQG

12


http://araw.mede.uic.edu/cgi-bin/nntcalc.pl
https://www.qeios.com/
https://doi.org/10.32388/RNYMQG

100 [~"=----. .
TTTTasessss e, RRR 50%
ARR 1%
Patient
Surviving 50
0,
% Arm 1 Alive 98 Dead 2
Arm 2 Alive 99 Dead 1
0
Example 1 Time
- RRR 50%
100 [*I -l °
T ARR 49%
Patient el Arm 1 Alive 2 Dead 98
Surviving 50 T Arm 2 Alive 51 Dead 49
% el
0

Example 2 Time

Figure 7. A Relative Risk Reduction of 50% can translate into different Absolute Risk Reductions.

Survival curves are imaginary and for illustrative purposes only, as RR and AR are binary data.

2.9. Hazard Ratio (HR) risk reduction must not be presented as Relative Risk Reduction

One additional reason to prefer using absolute risk over relative risk is the wrong but common practice
in RCT of expressing the survival benefit based on the HR reduction as if it were a Relative Risk

Reduction, which it is not.

Despite the widespread implementation of the Cox Proportional Hazard model, the terminology and
interpretation used to describe the estimated HR have become loose and, unfortunately, often
incorrect. Although some journals offer guidelines that advise against reporting HRs as relative risks,
these guidelines should be more frequently noticed and made mandatory. Due to a lack of
understanding, the authors interpret the resultant HR as a relative risk. Such an interpretation is
inappropriate and can be misleading. The HR should be described as a relative rate, not a relative risk.
While the direction of the HR can be used to explain the direction of the relative risk, the magnitude

alone cannot be used to explain the magnitude of the relative risk. Because of that, authors should
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refrain from using the HR's magnitude to describe the relative risk's magnitude and be strongly
encouraged to ascribe accurate interpretations to the statistics derived from fitted Cox proportional

hazards regression models.

In summary, HR should not be interpreted as an RR. If we do not distinguish between HR and RR, the
risk reduction (as employed in the publication of clinical trials) implies the durability of the effect in
the sense that one is led to believe that for a fraction of the population, the intervention can eliminate
the chance of the event occurring (binary or dichotomous result, -death or alive-). This is not the case.
The 'risk reduction' based on HR means a reduction in the speed of the event happening (relative rate

of the event happening), not the chances of it occurring (a quantitative variable y2410361

As such, a typical presentation of results with HR states: Treatment A yields a 30% reduction in the
risk of progression or death (for the PFS endpoint) or death (for the OS endpoint) (HR 0.70, 95%CI
0.45-0.90) for progression and death or death, p<0.001, which translated into an increase of 3.5

months of median PFES or OS over treatment B.

The correct statement should be: Treatment A yields a 30% reduction in the relative rate of
progression and death (for the PFS endpoint) or death (for the OS endpoint) (HR 0.70, 95%CI 0.45-
0.90), p<0.001, which translated into an increase of 3.5 months of the median (PFS or OS) over

treatment B (as the rate of the event decreases, the survival time increases).

With the above, it is easy to understand why scientific journals, media, and sponsors highlight the
results equating the reduction in HR with the reduction of RR because, eventually, they want to

convince people of the new treatment's benefits.

2.10. The importance of censoring in analyzing survival results

In a time-to-event analysis, participants are censored when information on the outcome of interest
(progression or death event for PFS or death event for OS) is unavailable because the participants are
no longer seen in follow-up. Therefore, the K-M method assumes non-informative censoring. In
other words, censored patient numbers and clinical characteristics should not differ between the
control and experimental arms. When this assumption is not met, the chances of bias increase. Thus,

non-informative censoring is ''normal or expected to happen." On the contrary, informative

censoring may introduce bias!37),
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Informative censoring occurs when the reasons are related to the study intervention, potentially
introducing post-randomization bias. In quantitative terms, there is a pressing need for consensus on
how significant the percentage difference in censoring events between the experimental and the
control arms must be to be considered informative censoring. A difference higher than 10% between
arms would suggest its existence, emphasizing the need for a clear understanding and agreement on

this aspect of censoring.

The pattern of censoring on the time (early or left, late or right) helps interpret the study results. Left
censoring, a particularly concerning form of informative censoring, more frequently occurs because of
early drug discontinuation, withdrawal of consent, loss to follow-up, or initiating a new anticancer
therapy before documenting the event of interest. It typically occurs early during the study, the reason
being that early censored patients, in general, are those less fit and more prone to withdraw from the
study because of poor tolerance to treatment. Thus, early or left censoring resembles an efficacy

analysis as per-treated population instead of intention-to-treat because only the fittest go on follow-

upl38139] An example of informative censoring is shown in Figure 8.
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0 2 4 tli 8 10 1 ] 16 18 20 2 1‘4
% x *
(rombercensored) 27 115.7% 32/18.7% 49 | 28.6%
Sotorashgroup 171(0)  139(9).  93(4) 63(4 6() B3 0() 4@ u@ 6@ ) 1 o)
Docetaelgroup 174(0)  933%) 62(9) 36(1) 2006 10() 7(0) 5@) 3(1) 10) 10) of)
60 / 34.4% 67/38.5% 73 141.3%

Figure 8. The control arm has a higher percentage of censored patients (41.3% vs. 28.6%), and the

imbalance was even more pronounced in the early stages of the study (34.4% vs. 15.7%). Lower part of

figure 2B of[28],

In survival analysis, censored patients cannot be ignored; they have important information to
convey, which must be included in the analysis. By convention, it is assumed that censoring occurs at
random. However, when data suggest the presence of informative censoring, sensitivity analyses are
required to establish the robustness of the conclusionsl42ll41l42] This statistical requirement is
recognized by major regulatory agencies such as the European Medicines Agency: "...sensitivity analysis

should show how different assumptions influence the results obtained...." The National Research Council
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"'...sensitivity analyses should be part of the primary reporting of findings from clinical trials", FDA-ICH E9

addendum43l "missing data require particular attention in a sensitivity analysis because the assumptions

underlying any method may be hard to justify and impossible to test."

Thus, sensitivity analysis is a tool that strengthens the robustness of trial findings. It achieves this by
conducting analyses under various plausible assumptions about the methods, models, or data that
differ from those used in the pre-specified primary analysis. When the results of the sensitivity
analyses align with the primary results, it instills confidence in researchers that the assumptions
made for the primary analysis have had minimal impact on the results, thereby reinforcing the trial
findings. While several statistical methods exist to perform sensitivity analysis, this is beyond the
authors' expertise, and readers are directed to guidance documents. Any RCT should at least mention
whether or not a sensitivity analysis was performed. Any result from an RCT with evidence of

informative censoring without a sensitivity analysis should be approached with extra caution.

3. Analysis of RCT applying these basic principles

Based on the above statistical concepts, the six RCTs chosen are analyzed in terms of 1) Whether or not
the percentage of survival estimated by the total number of patients/number of events at the median
follow-time matches with the percentage observed in the curve; 2) the Absolute Risk Reduction and
NNT, and 3) Whether the RCT reports on the censored patients (The Absolute Risk Reduction and NNT

were calculated using the risk reduction calculator at http://araw.mede.uic.edu/cgi-bin/nntcalc.pl

3.1. NEJM. Amivantanab plus Lazertinib

In this RCTL44] involving patients with previously untreated EGFR-mutated advanced NSCLC, 429
patients were randomized to the Amivantamab-Lazertinib group, 429 to the Osimertinib group, and
216 to the Lazertinib group. The primary endpoint was PFS in the Amivantamab—Lazertinib compared
to Osimertinib. The results showed that at a median follow-up time of 22 months, the median PFS was
significantly longer in the Amivantamab—Lazertinib group than in the Osimertinib group (23.7 vs. 16.6

months); HR for disease progression or death, 0.70; 95% CI, 0.58 - 0.85; p<0.001). Figure 9.
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g
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'
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Kl HR 0.70 (95%CI 0.58 - 0.85), p<0.001 : ;
c 1 1 1 1 1 - I I - I 1 1 1
0 3 6 9 12 15 18 21 24 27 30 3
Months median FP 22
No. at Risk
Amivantamab-lazertinib 429 391 357 332 291 244 194 106 60 3 8 0
Osimertinib 429 404 358 325 266 205 160 90 48 28 10 0
Figure 9. PFS curve of the study. Figure 1A of(44],
1) Survival curves and events
The PFS survival curve and events are not concerns. The PFS percentages in the curve match the
progression/death events.
2) Estimation of Absolute Risk Reduction for PFS events
The Absolute Risk Reduction for PES is as follows (95%CI not shown for simplicity):
Tx HR Months Total Events % PFS ARR NNT
A+L 0.70% 23.7 429 192 55.3% 14% 8%
(0} 16.6 429 252 £41.3%

HR, Hazard Ratio, ARR: Absolute Risk Reduction, bold and asterisk, Statistically significant. Event numbers

are shown in the forest plot (Figure 1C of 44).

While OS was not the primary endpoint, the preliminary results indicate an HR for death of 0.80 (95%

CI, 0.61-1.05), which is not statistically significant. The percentage of survival at the median follow-

up time of 22 months is 77.3% vs. 72.3%, which translates into an ARR of 4£.66% and an NNT of 26.

None of these are statistically significant.

3) Censoring information

No information on the censoring of patients is provided.
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This study shows a statistically significant advantage for Amivantamab—Lazertinib compared to
Osimertinib regarding HR and AR for PFS. Unfortunately, the lack of censoring information suggests

that caution should be exercised in interpreting the study.

3.2. The Lancet. Cadonilimab

In this RCT, 45,445 patients with advanced cervical cancer were randomized to cadonilimab (a
bispecific antibody targeting PD-1 and CTLA-4) plus platinum-based chemotherapy with or without
bevacizumab, or the same regimen plus placebo. The dual primary outcomes were PFS and OS. At a
median follow-up time of 18.9 months for PFS, the median PFS was 12.7 months in the cadonilimab
group and 8.1 months in the placebo group (HR 0.62, 95% CI 0.49-0.80), p<0.0001). For OS, the
median follow-up time was 25.6 months, and the median OS was not reached (27.0 months to not

estimable) versus 22.8 months (HR 0.64, 0.48-0.86), p=0.0011). Figure 10.
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Figure 10. PFS and OS curves of the study. Figures 2A and 3A ofl431,

1) Survival curves and events
The PFS percentages in the curve do not match very closely with the percentages from the events, but

they did in the OS curve.

2) Estimation of Absolute Risk Reduction for PFS and OS events
The corresponding Absolute Risk Reductions for PFS and OS are as follows (95%CI not shown for

simplicity):

geios.com doi.org/10.32388/RNYMQG


https://www.qeios.com/
https://doi.org/10.32388/RNYMQG

Tx HR Months Total Events % PFS ARR NNT

C 0.62% 12.7 222 117 47.3% 11.8% 9%
P 8.1 223 144 35.5%

Tx HR Months Total Events % 0S ARR NNT
C 0.64%* 27 222 86 61.2% 9.2% 11%
P 22.8 223 107 52.0%

HR, Hazard Ratio, ARR: Absolute Risk Reduction, bold and asterisk, Statistically significant. Event numbers

are shown in the forest plot (Figure 2B of 45).

3) Censoring information

No information on the censoring of patients is provided.

Overall, this study shows a statistically significant advantage for cadonilimab compared to placebo in
terms of HR for PFS and OS. Moreover, the Reduction in Absolute Risks for both survival parameters is
statistically significant. Unfortunately, without information on the censoring of patients and because

of the one-sided test design, the results should be taken with caution.

3.3. The Lancet Oncology. Atezolizumab

This multicenter, double-blind, randomized, placebo-controlled, phase 3 trial studied the comparison
of atezolizumab plus chemotherapy (362 patients) versus placebo plus chemotherapy (189 patients) in
advanced endometrial cancerl46l The co-primary endpoints were PFS (in patients with MMR-

deficient [dMMR] tumors and the overall population) and OS in the overall population.

At a median follow-up of 28.3 months for the dMMR population, the median PFS was 12.4 months
(95%CI 12.4 months—not estimable) in the atezolizumab group and 6.9 months (HR 0.36, 95% CI
0.23-0.57; p=0.0005) in the placebo group. For the overall population, the median follow-up time was
26.7 months, and the PFS was 10.1 months (95% CI 9.5-12.3) versus 8.9 months (8.1-9.6) (HR 0.74,
95% CI 0.61-0-91; p=0.022) respectively. For the OS, the median follow-up time was 28.3 months, and

the median OS was 38.7 months (95%CI 30.6 months—not estimable) and 30.2 months (95%CI 25
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-37.2), (HR 0.82, 95% CI 0.63-1.07; log-rank p=0.048) respectively. The p-value for the interim

analysis of OS did not cross the stopping boundary; therefore, the trial will continue until the required

number of events is recorded. Figure 11.

Number at risk

(number censored)
Atezolizumab 360 (0)
Placebo 189 (0)

Progression-free survival (%)

total event (%) no event (%)
360 253(70.2) 107 (29.8)
total event (%) noevent (%)
189 148 (78.3) 41 (21.7)
. _,.._c A
e — — — _.‘*E-nn_m_ _ L
e el o o WU -
10 HR 0.74 (95%C1 0.61 - 091), p=0.022 P
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
median FP 28.3
278(10) 155(13) 101(32) 65(51) 53(60) 31(78) 10(98) 2(105)
152(10) 51(11) 32(18) 19(25) 12(31) 8 (35) 3(39) 0(41)

Figure 11. PFS curve from figure 2A ofl461

1) Survival curves and events

The PFS percentages in the curve are close to matching the progression/death percentage of events;

hence, there appear to be no concerns regarding survival analysis.

2) Estimation of Absolute Risk Reduction for PFS events

The corresponding Absolute Risk Reductions for PFS and OS are as follows (95%CI not shown for

simplicity):
Tx HR Months Total Events % PFS ARR NNT
A 0.74%* 10.1 360 253 29.8% 8.0% 13%
P 8.9 189 148 21.7%
TOTAL POPULATION
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Tx HR Months Total Events % PFS ARR NNT
A 0.36* 12.4 81 37 45.6% 38.4% 3*
P 6.9 L, 37 16.0%
dMMR POPULATION
Tx HR Months Total Events % 0S ARR NNT
A 0.82 38.7 360 148 59.9% 5.4 19
P 30.2 189 88 53.5%

TOTAL POPULATION

HR, Hazard Ratio, ARR: Absolute Risk Reduction, bold and asterisk, Statistically significant. Event numbers

are shown in figure 2.

3) Censoring information

Censoring is well-presented, and it indicates it is non-informative.

Overall, this study shows a statistically significant advantage for atezolizumab compared to placebo in
terms of HR and ARR for PES in both the total population and in the dMMR populations. The benefit in
terms of PFS is higher in the dMMR population. Regarding OS, the results are preliminary, and so far,

atezolizumab is yet to demonstrate it increases survival rates.

3.4. JAMA. Ivonescimab

In this double-blind, placebo-controlled, randomized, phase 3 trial, a total of 322 patients with
relapsed advanced or metastatic non-small cell lung cancer with the EGFR variant other than the
Thr790Met negative variant were randomized to ivonescimab (161) or placebo (161) plus pemetrexed
and carboplatinwj. The primary endpoint was PFS, and the secondary endpoint was OS. The results

are from the first planned interim analysis.
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At a median follow-up time of 7.89 months, the median PFS was 7.1 months in the ivonescimab group

vs 4.8 months for placebo (difference, 2.3 months; HR, 0.46, 95% CI, 0.34-0.62; p< 0.001). The median

OS data were not mature, with 69 deaths (21.4%) having occurred, with 32 and 37 deaths in the

ivonescimab and placebo groups, respectively. Figure 12.

100

60

Progression-free survival, %

20

0

80+

40+

No. of patients at risk (No. of events)

total event (%) no event (%)
161 71 (44.0) 90 (56.0)
4 _‘_“‘Q-\_Lh:]
_.H_\—H—H—LJ.H_ .
HR 0.46 (95%CI 0.34 - 0.72), p<0.001
0 1 2 3 4 5 6 7 g8 9 10 11 12
Follow-up, mo median FP 7.9
Ivonescimab 161 (0) 155(1) 144 (6) 138(8) 129(15) 92(36) 56(57) 44(62) 27(68) 16(70) 8(70) 3(71) 0(71)

Placebo

161(0) 157(2) 130(25) 102 (47) 96(53) 63(75) 33(94) 23(101)19(104) 8(106) 1(108) 0(108)

1) Survival curves and events

Figure 12. PFS curve from figure 2A of 47,

The PFS percentages in the curve do not match with the progression/death percentage of events,

which may raise some concerns in the survival analysis.

2) Estimation of Absolute Risk Reduction for PFS events

The corresponding Absolute Risk Reduction for PFS is as follows (95%CI not shown for simplicity):

Tx HR Months Total Events % PFS ARR NNT
I 0.46%* 7.1 161 71 56.0% 22.9% 5%
P 4.8 161 108 33.1%

HR, Hazard Ratio, ARR: Absolute Risk Reduction, bold and asterisk, Statistically significant. Event numbers

are shown in figure 2.
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The OS was a secondary endpoint, and at the date of reporting, there were 32 and 37 deaths for an

Absolute Risk Reduction of 3.1% and a NNT of 33, which are not statistically significant.

3) Censoring information
The PFS curve in the printed publication does not show censoring of patients. However, eFigure 1 (K-
M plot for investigator-assessed progression-free survival in the intention-to-treat population)

shows more censored patients (39 and 29, 25% difference) in the ivonescimab arm.

Overall, this study shows a statistically significant advantage for ivonescimab compared to placebo in
terms of HR and Absolute Risk Reduction for PFS. Yet preliminary, there are no differences in death
rates. Unfortunately, the study points to the existence of informative censoring; hence, the results

should be taken with caution.

3.5. JAMA Oncology. Sorafenib plus TACE

In this open-label multicentric randomized phase 3 study, 162 patients with recurrent intermediate-
stage HCC after Ro hepatectomy with positive microvascular invasion were randomized to Sorafenib-
TACE versus TACE (81 patients in each arm). The primary endpoint was OS. At a median follow-up
time of 36.9 and 37.5 months, respectively, the median OS was significantly longer in the SOR-TACE
group than in the TACE group (22.2 months vs 15.1 months; HR, 0.55; P <0.001). SOR-TACE also

prolonged PFS (16.2 months vs 11.8 months; HR, 0.54; P <.001)[-4§1, Figure 13.
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Figure 13. Overall Survival curve is figure 2A from{48l,

1) Survival curves and events

The survival percentage estimated from the number of events matches with the curve.

2) Estimation of Absolute Risk Reduction for OS events

The corresponding Absolute Risk Reduction for OS is as follows (95%CI not shown for simplicity):

Tx HR Months Total Events % PFS ARR NNT
S 0.55% 22.2 81 60 16.0% 10 11
T 15.1 81 68 26.0%

HR, Hazard Ratio, ARR: Absolute Risk Reduction, bold and asterisk, Statistically significant. Event numbers

are shown in the text.

3) Censoring information

No information on the censoring of patients is provided.
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Overall, this study shows an increase in the median survival time, which was statistically significant as
evaluated by HR; however, neither the Absolute Risk Reduction nor the NNT attained statistical
significance. Because the ARR is not statistically significant, it implies that the new therapy may
actually increase the risk of death. Unfortunately, no information on censoring is provided; hence,

the results should be taken with caution.

3.6. Journal Clinical Oncology. Lorlatinib.

This RCT was performed from May 2017 through February 2019, in a total of 296 patients at 104
centers in 23 countries in patients with ALK-positive NSCLC42), Patients were randomly assigned to
lorlatinib 100 mg once daily (149 patients) or crizotinib 250 mg twice daily (147 patients). The JCO
publication(42] informs of a post hoc analysis of updated investigator-assessed efficacy outcomes,
safety, and biomarker analyses. At a median follow-up time of 60.2 and 55.1 months for lorlatinib and
crizotinib, respectively, the median PFS was not reached (NR) (95%CI, 64.3 - NR) with lorlatinib and
9.1 months (95%CI, 7.4 -10.9) with crizotinib (HR 0.19, 95%CI, 0.13 - 0.27). The 5-year PES was 60%
(95% CI, 51 to 68) and 8% (95% CI, 3 - 14), respectively. To analyze this publication, it is needed to

analyze the results of previous publications of this RCT. These are as follows:

N Engl ] Med (first publication), November 2019.

Data cut-off March 2020. Median follow-up time: 18.3 vs. 14.8 months.
Lancet Respir Med (second publication), April 2023.

Data cut-off September 2021. Median follow-up time: 36.7 vs. 29.3 months.
JCO (the third publication described here). October 2023.

Data cut-off October 2023. Median follow-up time: 60.2 vs. 51.1 months.

The PFS curve of the JCO'4% publication is the following (Figure 14).
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Figure 14. PFS curve from figure 2 ofl#2l,

1) Survival curves and events
The PFS percentage for the crizotinib arm according to the events is

curve is around 10%.

2) Estimation of Absolute Risk Reduction for PFS events

21.8%, while the one shown in the

The corresponding Absolute Risk Reduction for PFS is as follows (95%CI not shown for simplicity):

Tx HR Months Total Events % PFS ARR NNT
L 0.19% NR 149 55 63.1% 41.3% 3*
C 9.1 147 115 21.8%

HR, Hazard Ratio, ARR: Absolute Risk Reduction, bold and asterisk, Statistically s

are shown in figure 2.

These numbers indicate a high Absolute Risk Reduction for having a PFS of

into a NNT of 3. Both are statistically significant.
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The results of PFS in terms of HR are very similar to those found in the first two publications. In the
NEJM, median PFS was NR vs 9.3 months, HR 0.28 (95%CI, 0.19 to 0.41), P<0.001, whereas in the

Lancet Respir Med publication, these were NR vs 9.3 months, HR 0.27, (95%CI, 0.18 to 0.39); P<0.001.

3) Censoring information

As stated above, unfortunately, among these top 6 journals, only the Lancet journals most of the time
include censored patients at the bottom of the curve. Figure 15, taken from the Lancet Respir Med[32],
shows a strong imbalance in the censoring. Overall, 67.1% of the lorlatinib patients were censored
(100 out of 149), whereas these were only 55 (almost half) 37.4% for crizotinib. As it can be
appreciated, on the right side, as expected, the number of censored patients favored lorlatinib, which
most likely results in higher event-free patients in follow-up; however, there is also a high early
censoring in crizotinib patients (more than double). This pattern of censoring clearly shows that it is
informative, and in the absence of sensitivity analysis, the results on PFS must be taken with

caution.
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Figure 15. Censoring in the PFS curve. Lower part of figure 2B from{52],

On the other hand, it is at least odd that, as established in the NEJM's first publication on the trial, OS
was a secondary endpoint; however, in the last publication of the jcol49l no word is written about OS.

On this basis, Figure 16 shows the OS curve in the NE]M[511 (first publication).
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Figure 16. OS curve from 2D ofl3l,

The median OS has not been reached in both arms, and the HR is 0.72; however, as it can be
appreciated, the 95% CI goes beyond 1, therefore this difference is not statistically significant.
Likewise, the Absolute Risk Reduction of 3.6% (48.6 — 81 = 3.6) and NNT of 28 (100 + 3.8 = 27.7) are

not statistically significant.

Equally odd is that in the second publication in the Lancet Respir Med![52], nothing is mentioned about
0S. However, looking at the supplementary data, numerically, in the curve of time to deterioration,
there were more events of deterioration in the lorlatinib arm. Neither the HR reduction nor the
differences in Absolute Risk were statistically significant. Actually, there is a trend for Absolute Risk
increase (5%), and the NNH (Number Needed-to-Harm) is 21%. Both are non-statistically significant

(Figure 17).
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Figure 17. Curve for time to deterioration shown in supplementary appendix S4B from!59),

Finally, we analyzed the total number of deaths registered in the three publications. The information

was taken from the corresponding flow diagram figures of these three publications421[501(51] These

are as follows:

Publication Deaths Lorlatinib Deaths Crizotinib
NEJM 23 28
Lancet Respir Med 9 4
J Clin Oncol 12 4
Total L, 36

Based on these data, the Absolute Risk (AR) for OS is as follows:
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Tx Total Events % 0S AR increase NNHarm

Lorlatinib 149 A 70.5 5 21

Crizotinib 147 36 75.5

Overall, this study reports a highly significant effect of lorlatinib over crizotinib in PFS, evaluated by
HR and AR as well. However, the clear evidence of informative censoring, the numerically more
deterioration events in the lorlatinib arms, and the trend for increased risk of death in lorlatinib

suggest that the results should be taken with caution.

4. Comments

The ultimate 'user' of the information provided by the oncology RCT is the cancer patient who has to
decide whether to undergo a treatment. This underscores the critical importance of comprehensive
and unbiased reporting in RCTs. Such information is not just a guide, but a lifeline for the oncologist
and the patient, enabling them to make better treatment decisions. Here, we show in this sample of 6
RCTs from the "big six" that the information on survival outcomes may not be sufficient to assess the
efficacy of the investigated treatments. In this sense, we must stress that our analysis of these RCT's is
not intended to judge the completeness or adherence of the trial reports to the CONSORT checklist, but
is only restricted to three points we consider key for evaluating efficacy on survival: 1) Whether or not
the percentage of survival estimated by the total number of patients/number of events at the median
follow-time matches with the percentage observed in the curve; 2) the Absolute Risk Reduction and

NTT, and 3) Whether the RCT reports on the censored patients.

The amivantanab study at the NEJMI44] failed to provide the censoring of patients. Censoring was also
missed in the cadonilimab trial published in The Lancetl43]; moreover, the percentage of PFS does not
match that shown in the curve at the median follow-up time. From our analysis, the atezolizumab
trial in Lancet Oncoll4®! is well presented regarding the PFS curve and data; the trial reports on
censoring, which is not informative. The JAMA trial on Ivonescimab shows a mismatch in the PFS
percentage between the curve and the number of events. Moreover, while the censoring is not

presented at the PFS curve in the printed publication, figure e1 of supplementary data shows 25%
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higher censored patients in the experimental arm, which suggests informative censoringl4Zl. The
JAMA Oncol triall%8l of sorafenib plus TACE does not show the censoring. The Lorlatinib trial in
jcolé2l shows a mismatch in the PFS percentage between the curve and the number of events for the
crizotinib arm. More importantly, the second publication of the trial in The Lancet Respir
Med!l32] shows highly informative censoring and numerically more deterioration events for lorlatinib
despite no statistically significant differences in the HR for time to deterioration. Of note, data from
the three trial publications show a 5% absolute increase in the risk of death for lorlatinib, though this

difference was not statistically significant.

As usual in the reporting of RCTs in Oncology today, these six publications do not present the results
of binary outcomes for PFS and OS in terms of both absolute or relative effect sizes (Absolute and
Relative Risks) as recommended by the CONSORT 2010 checklist of information (17b, which
establishes that for binary outcomes, the presentation of both absolute and relative effect sizes is

recommended. https://legacyfileshare.elsevier.com/promis misc/CONSORT-2010-Checklist.pdf

Our analysis regarding these three issues is pointed out in Table 1.

Trial agent Journal Curve match | Absolute effect size Censoring
Amivantanab Plus Lazertinib NEJM Yes Not shown Not provided
Cadonilimab LANCET No Not shown Not provided
Atezolizumab LANCET ONCOL Yes Not shown Provided
Ivonescimab JAMA No Not shown Provided*
Sorafenib plus TACE JAMA ONCOL Yes Not shown Not provided
Lorlatinib JCO No Not shown Not provided**

Table 1. Summary of the 6 trials.

*In the appendix, informative, not discussed. ** Not provided in JCO, found in a previous trial publication.
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Previous studies have shown that most RCTs in Oncology fail to provide complete reporting of survival
endpoints, jeopardizing the oncologist's interpretation of the study findings[ﬁl. In a revision of 125
articles from eight significant journals on RCT in cancerl33l, 68% reported insufficient information on
the survival analysis, including the lack of data on censoring (42%) and the number of events (28%).
In another review of 32 articles reporting survival outcomes in cancer populations, none of the
publications reported details relating to the final model validation to analyze survival outcomes.
Moreover, in 88% of the studies that reported the use of Cox proportional hazards regression to
analyze survival endpoints, most failed to report the validation of the statistical models in terms of the

proportionality hazard assumption[5—4l.

While we acknowledge that we cannot generalize from this analysis of 6 RCTs, we must be aware that

this problem, previously noted in these publications[ﬂiﬂi‘d, could persist to some degree.

In strict adherence to the CONSORT 2010 checklist, RCTs must present the numerical results in
absolute numbers, and binary outcomes—progression/death (PFS) and death (OS)—must be
presented on both absolute and relative effect sizes. A question in this regard, which is left to expert
statisticians, is whether or not the sample size estimated in RCTs to find statistically significant

differences in HR is enough to find it in terms of ARR and NNT.

Whether the percentage of survival estimated from the total number of patients and events must
match the observed curve issue would be enriched by the input of expert statisticians. Nonetheless, a
survival curve that does not provide the number of events leaves the reader with no option to trust
that the survival results are correct. On the other hand, the importance of censoring patients cannot be
overemphasized. Unfortunately, among these six trials, only one presented the data on censoring in
the curve, and another did, but only in the supplementary data appendix. Prasad and Bilal show a
remarkable example of the importance of censoring. They show that altering the assumptions for
censoring may change the significant conclusions of clinical trials. As such, the number of censored

patients at each time interval should be routinely reported in randomized trials to better understand

the implications of Censoringﬁﬂ.

As can be observed, this work is not intended to analyze the clinical, pharmacological, or molecular
mechanisms of the drugs used in the analyzed RCT. Neither here do we analyze study designs,
randomization, control arms, crossover, or any other trial-specific maneuver. It is only intended to

point out the three key aspects of how the survival parameters of the trials are presented.
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Equally relevant is to keep in mind that the Hazard Ratio cannot be interpreted as a Relative Risk. The
Hazard Ratio, a measure of the risk of an event happening in the treatment group compared to the
control group, is often misinterpreted as a measure of Relative Risk. However, risk reduction implies
the durability of the effect and that for a fraction of the population, the intervention can eliminate the
chance of the event occurring (binary or dichotomous result -death or alive-). This is not the case. The
'risk reduction' based on HR reduction means a reduction in the speed of the event happening (relative

rate of the event happening), not the chances of it occurring.

In summary, how the results of RCTs in oncology are presented, especially in highly influential
journals, must always be stressed because of their tremendous impact on clinical oncology practice. It
is possible that "the efficacy," as shown in the publications by authors but above all, by the media, can
change depending on how much information is provided and how skilled the oncologist who reads the

publication is.

We hope this work encourages oncologists to become more skilled in analyzing RCTs and encourages

statistician experts to provide valuable insights and knowledge on this issue.
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