In a long-term comparative oncology trial, progression-free sur-
vival or overall survival time is often the study endpoint. The haz-
ard ratio (HR) has been routinely utilized to quantify the
between-group difference in survival analysis for the past five
decades [1]. The validity of HR estimation procedure depends on
a strong assumption of proportional hazards (PH), i.e. the ratio
of the two hazard functions is constant over the entire study pe-
riod. When the PH assumption is not met, the resulting estimate
is not a simple average of HRs over time and is difficult to
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interpret clinically [2—6]. As indicated by Fei et al. [7], a standard
goodness-of-fit test for the adequacy of the PH assumption gen-
erally is not informative. First, it has insufficient statistical power
to detect model misspecification when the number of events of
interest in the trial is small. Second, when the number of events is
large, the same test may identify even a negligible misspecifica-
tion. For most immunotherapy studies discussed in the article
[7], the PH assumption appeared to be violated upon visual in-
spection. Moreover, even when the PH assumption is plausible, it
is not clear that a statistically significant HR of, for example, 0.80
(immunotherapy versus control), could be translated to inform
effective clinical decision making. When the underlying hazard
for the control arm is low, a reduction of 20% may not represent
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Figure 1. Estimated survival curves, restricted mean survival times (RMST) and restricted mean time lost (RMTL) based on reconstructed overall survival data for lung cancer study. (A)
Kaplan—Meier curves for nivolumab (blue) and docetaxel (green). (B) RMST through 24 months (the area under the Kaplan—Meier curve) and RMTL through 24 months (the area above the

Kaplan—Meier curve) for docetaxel (left) and nivolumab (right).
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a clinically meaningful treatment effect. The treatment decision
process in practice should not be based on a single contrast such
as HR without a benchmark value from the control arm. These
issues and concerns have been discussed extensively [2—6]. One
may argue that the HR or the log-rank test is a valid procedure to
reject a null hypothesis of no treatment effect even without the
PH assumption. However, it is known that such a test may lack
the power to detect a treatment effect when PH assumption is not
valid. Coupled with HR, median survival time or the survival rate
at a specific time point is often used to summarize the ‘local as-
pect’ of the survival profile for each group. The median survival
time may not capture the long-term survival profile or may not
be estimable due to limited follow-up time in the study. Good
alternatives to HR are highly desirable.

Fei et al. [7] considered an alternative to HR to quantify the
group difference based on the ratio of two restricted mean survival
times (RMST) or restricted mean time lost (RMTL) [2-5, 8, 9].
As an illustration of the RMST, in Figure 1A, we present the
Kaplan—Meier curves for the immunotherapy group and control
group based on the reconstructed individual patient overall sur-
vival data from Borghaei et al. [10, 11], which is one of the studies
utilized by Fei et al. [7]. Figure 1B depicts the RMST (or t-year
mean survival time) and RMTL for each arm. The RMST, the area
under the Kaplan—Meier curve, through 24 months is 13.0 for
nivolumab versus 11.3 months for docetaxel. That is, on average,
patients treated by nivolumab would survive 13.0 months out of
24-month follow-up. The corresponding RMTLs, the area above
Kaplan—Meier curve, are 11.0 and 12.7 months, respectively. The
ratio of RMSTs (nivolumab versus docetaxel) is 1.15 [95% confi-
dence interval (CI) 1.03-1.29], and corresponding ratio of RMTLs
is 0.87 (95% CI 0.77-0.97). The validity of these estimates and CI’s
requires no model assumptions. Moreover, there are absolute val-
ues from the control group with which to better interpret these ra-
tios clinically.

Fei et al. [7] compared the ratio of RMSTs or RMTLs with the
HR. However, these two ratios are not comparable summaries for
the treatment effect since they estimate different population
quantities. When the survival rates are low, the ratio of RMTLs is
often numerically similar to HR since the survival time for each
group can be approximated by an exponential distribution. On
the other hand, the relative merit of these two ratios may be
assessed via the statistical power for detecting the positive treat-
ment effect. Empirically, the authors found that these two ratios
as test statistics tend to have coherent results with respect to the
statistical significance using type-I error rate of 0.05. This, cou-
pled with other recent publications [12], ease concerns that the
RMST-based tests might not be as powerful as the HR-based test
when the PH assumption is plausible.

Regarding the time-window from zero to a time point ¢ to define
the RMST or RMTL, Fei et al. [7] commented that this choice of ‘¥
should be based on a clinical consideration at the design stage. As
suggested by the authors, after the data were collected, various
time-windows may be chosen empirically. For example, one may
identify the last observed or censored survival time as the upper
bound of the time-window for each group, then choose the mini-
mum of these two values as time ‘¥ for the RMSTs or RMTLs.
For example, in the above example, we may choose 25.5 months
instead of 24 months. The resulting ratios are identical to those
with being 24 months. Note that the HR estimate may utilize less

data than RMSTs. In the above example, the information that con-
tributes to the HR estimation ends at = 23.5 months, which is the
minimum of the last observed event time in each of the two groups
(Figure 1A). This phenomenon is not widely known in practice.
Moreover, since the HR estimation procedure is event driven, the
above ‘f cannot be completely determined at the design stage.

It is important to make statistics more translational so that
clinicians and patients can use them for decision making under
the risk-cost-benefit consideration. The HR is not a readily trans-
latable summary measure of the between-group difference.
Alternative approaches that provide a robust and interpretable
quantitative summary, such as difference or ratio of RMSTs or
RMTLs, may be considered. We thank Fei et al. [7] for providing
us with useful information regarding the relative merits between
procedures using HR and RMST, and the editors for inviting
comments on RMST as a new analytical procedure in the tool
box of survival analysis.
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Circulating tumor DNA detection in
hepatocellular carcinoma

Circulating tumor DNA (ctDNA) analysis has demonstrated ex-
cellent specificity and satisfactory sensitivity to detect somatic
mutations across many tumor types and particularly in patients
with metastatic disease [1, 2]. ctDNA detection rate and level pri-
marily depend on tumor burden, proliferation and tumor type
[3]. Its clinical use as a theragnostic biomarker for detecting
EGFR mutation has been approved in stage IV non-small-cell
lung cancer patients, in whom invasive tumor biopsy may be per-
ilous because of limited accessibility and/or pre-existing organ
dysfunction (e.g. emphysema). In that regard, biopsies of hepato-
cellular carcinoma (HCC) face the same challenges, with poor ac-
cessibility of some liver lesions and pre-existing cirrhosis and/or
coagulopathy due to liver failure. In turn, HCC belongs to the few
tumor types in which diagnosis can be established without an in-
vasive biopsy, using combined radiological and biological (alpha-
fetoprotein) criteria. Patients diagnosed with HCC have two
main therapeutic options: locoregional treatments (i.e. surgery,
embolization, radiofrequency or transplantation), prioritized in
patients with non-metastatic HCC amenable to such treatments,
and systemic treatments (e.g. sorafenib and regorafenib, two
inhibitors of protein kinases with antiproliferative and antiangio-
genic properties) proposed to patients with metastatic disease
and/or unfit for locoregional treatments. Recent sequencing
studies revealed potential therapeutic targets in 11 pathways
in >5% of HCCs, mutations being found in TERT promoter
(60%), WNT/B-catenin pathway (54%), PI3K-AKT-mTOR
pathway (51%), TP53/cell cycle (49%) and mitogen-activated
protein kinase pathway (MAPK, 43%) [4]. The presence of these
somatic mutations cannot, however, be assessed if tumor tissue is
not available from either biopsy or resection (which is often the
case in late stage HCC patients)—opening a large window of op-
portunity for ctDNA analysis.

Prior studies have highlighted the increased level of cell-free
circulating DNA (cfcDNA) in HCC patients [5, 6]. Jiang et al.
also studied the size profiles of plasma DNA fragments in HCC
patients: they showed that ctDNA fragments are shorter (peak at
166 bp) than normal cfcDNA, suggesting that most of ctDNA is
derived from cancer cell apoptosis [7]. Three reports have been
published on ctDNA detection in HCC patients with localized
disease amenable to surgical resection. First, Liao et al. carried
out ctDNA analysis by targeted next-generation sequencing

(t-NGS) focusing on the three most frequently genomically al-
tered genes (TERT, CTNNBI and TP53), and detected somatic
mutations in only 20% (n=8/41) of plasma samples (Table 1).
Second, using droplet digital PCR (ddPCR) targeting four loci of
the same three genes, Huang and colleagues detected at least one
somatic mutation in cfcDNA in 56% (n = 27/48) of HCC patients
before surgery. Third, Ono et al. used customized assays targeting
tumor somatic rearrangements (previously characterized by
whole genome sequencing of a tumor sample): 15% of patients
(n=7/46) had detectable ctDNA levels before surgery. It is im-
portant to note that these three studies focused on operable
patients—i.e. patients with limited tumor burden—and targeted
alimited number of genes.

In this issue of Annals of Oncology, Ng et al. have extended the
patient population beyond operable HCC patients and the number
of targeted genes, in order to answer whether ctDNA could be used
as a liquid biopsy tool in HCC patients, by comparing liquid and
tissue biopsies in 30 patients [8]. For this purpose, they designed a
t-NGS panel targeting the most recurrent HCC mutations across
33 protein-coding genes, 2 long non-coding RNA genes, 4 pro-
moters and 7 additional cancer gene mutation hotspots.

A clinically relevant analysis was then carried out that distin-
guished somatic mutations detected in the blood with high allelic
frequency (mutations detected ‘de novo’ without any knowledge
on tumor tissue status) from that not called by algorithms (be-
cause of a lower allelic frequency) but observed manually in the
plasma DNA following tumor tissue sequencing results. Using
the ‘de novo’ approach, Ng et al. detected at least one mutation in
27% (n=28/30) of patients. While this rate might look disap-
pointing at first sight, the authors clearly established that ctDNA
detection was strongly correlated with the largest tumor diame-
ter. Among cases with lesions >5 cm or with distant metastases,
i.e. in patients primarily ineligible for surgical resection, the
ctDNA detection rate rose to 86% (1= 6/7). Using the less strin-
gent approach, based on a prior sequencing of the tumor tissue,
the ctDNA detection sensitivity increased to 63% in the whole co-
hort (n=19/30). This suggests that mutated DNA fragments are
indeed detectable in the blood of most patients, even at an early
stage, although mutations are hardly distinguishable by current
algorithms from the background noise of sequencing. This high-
lights the potential interest of more sensitive NGS techniques,
which may combine unique molecular identifiers and correction
for sequencing error rates [9, 10]. Results obtained by Ng et al.
have been confirmed by three other studies [11-13] (Table 1);

1094 | Cabel et al.

Volume 29 | Issue 5 | 2018


Deleted Text:  
Deleted Text: )
Deleted Text: . 
Deleted Text: P
Deleted Text: to
Deleted Text: (
Deleted Text: )
Deleted Text: (
Deleted Text: )
Deleted Text: (

	mdy092-TF1
	mdy111-TF1
	mdy115-TF1
	mdy115-TF2
	mdy115-TF3
	mdy115-TF4
	mdy115-TF5
	mdy115-TF6



