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Systemic review of the robustness of randomized controlled
trials for the treatment of cholangiocarcinoma in three domains:
survival-inferred fragility index, restricted mean survival time, and
the spin effect
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Background: The vast majority of patients with cholangiocarcinoma (CC) have advanced disease at
diagnosis and are candidates for palliative treatment only. The robustness of the randomized controlled trials
regarding the treatment of CC are assessed.

Methods: A systematic review of all randomized control trials (RCT) of treatments for both intra- and
extrahepatic CC between 2010 and 2020 was performed. The survival-inferred fragility index (SIFL; the
minimum number of reassignments of the best survivors between arms that would overturn the statistical
outcomes) was calculated. In addition, the gain, or loss, in survival in RCTs was evaluated by the restricted
mean survival time (RMST) difference. Finally, the level of spin i.e., misrepresentation of study outcomes,
was measured in inconclusive studies to assess distorted reporting strategies.

Results: Out of 6,167 studies retrieved, 11 could be retained for full text revision (7 with both intra- and
extrahepatic CC, 3 with peri-hilar CC, and 1 with peri-hilar or distal CC). Only 3 studies included resected
patients (2 with both intra- and extrahepatic CC and 1 with peri-hilar or distal CC). Nine studies investigated
systemic chemotherapy (including 3 after surgical resection), one study evaluated photodynamic therapy,
and another investigated the use of an endoscopically inserted stent in the biliary tract. The median SIFI
was -2 [interquartile range IQR): -6.25, -0.25] across all studies. Overall, the median RMST difference was
0.56 months (IQR: 0.10, 0.95). Finally, for inconclusive studies, the level of spin was high, moderate, and low
in respectively 12.5%, 25%, and 62.5% of the studies.

Conclusions: RCTs of CC showed a low degree of robustness with a frequent proportion of associated
spin.
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Introduction

Surgery is the only potential curative option for
cholangiocarcinoma (CC) but is indicated in only ~25%
of patients (1), whereas most patients are diagnosed at a
deemed unresectable stage and candidates for palliative
treatment only. The current guidelines, based on fairly
small scale studies (2), recommend GEMOX and FOLFOX
as first- and second-line chemotherapy, respectively (1).
The evidence generated by the few available randomized
control trials (RCTs) evaluating possible treatments for
advanced CC that drives clinical decisions, relies on p
values and hazard ratios (HR) despite the ongoing debate
about the former (3-5) and the frequent variation with
time of the latter, that might violate the Cox proportional
hazards model assumption. To calculate the stability of the
statistical calculation and evaluating the effect size more
reliably, in particular that patients live longer, alternative
measures of treatment outcomes have been developed. The
latter include the survival-inferred fragility index (SIFI), the
restricted mean survival time (RMST), and the spin. The
SIFI, is the minimum number of reassignments of the best
survivors between arms that would overturn the statistical
outcomes (6-8). The RMST is a statistical calculation of
the time to event corresponding to the area under the
Kaplan-Meir survival curve limited to a specific time point.
When the difference between the two curves in the RMST
estimate is positive or negative, it can be viewed as a gain or
loss of survival time, respectively. The measurement of the
spin effect (3) found in inconclusive RCTs emphasizes on
how the researchers, reporting results in a more favorable
light, might propose misleading arguments that in turn
mislead treatment decisions and hamper the development
of new treatment strategies.

The purpose of this study was to evaluate the SIFI
and the RMST of RCTs comparing novel treatments
with control or standard treatments for CC and evaluate
the level of spin in inconclusive RCTs. We present the
following article in accordance with the PRISMA reporting
checklist (available at https://hbsn.amegroups.com/article/
view/10.21037/hbsn-21-118/rc).

Methods

A systematic database search (Embase, Medline, Cochrane
Library and Google Scholar) of the literature was performed
using both free-text and Medical Subject Headings (MeSH)
terms (cholangiocarcinoma and chemotherapy, surgery
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or radiotherapy, cholangiocarcinoma, perihilar cancer,

Klatskin tumor) during the past decade (2010-2020). Both

types of CC (i.e., intra- and extrahepatic) were included for

evaluation because of the low number of available RCTs.

Articles were selected for inclusion in the analysis of the

evidence based on the following criteria:

% Population: patients with advanced CC, including
patients after surgery or who are no longer
candidates for surgical or liver-directed therapies.

% Intervention: first-line or greater-line (due to
progression or toxicity) systemic therapy or stenting.

% Comparison: interventions listed or placebo
control.

% Outcomes: primary outcomes were those explicitly
reported as such in the Methods section of the
published study or the registered trial in www.
Clinical Trials.gov. If none were explicitly reported,
we considered the outcome used to calculate the
sample size; if outcomes were not stated in the
sample size calculation, the outcome defined in the
primary study objective was retained. If the primary
outcome was still not clearly identified, the article
was excluded. Secondary outcomes were excluded
from this study.

Data collection process

Using a piloted electronic data extraction form, a pair of
reviewers (DA, NH) extracted data independently and
in duplicate. All extracted data were verified by another
reviewer (DB). For each eligible RCT, data relating to the
primary outcome (i.e., number of events and nonevents for
each arm, P value, and corresponding statistical tests) were
extracted.

We also extracted the following data from each study:
journal name, year of publication.

Calculation of SIFI
The SIFI was calculated from Kaplan-Meier (KM)

curves, reconstructed using Digitizelt software (http://
www.digitizeit.de/), by the iterative redesignation of the
best survivors from the experimental to the control arm
until statistical significance (defined as P<0.05) was lost.
For trials with non-significant outcomes, negative SIFI
was calculated similarly, but the direction was opposite—
redesignation of the best survivors from the control to the
experimental arm, until statistical significance was gained.
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Thus, the SIFI reflects statistical robustness, by denoting the
minimal number of redesignations required to lose or gain
significance in survival analysis. P values were calculated with
the 2-sided log-rank test. The follow-up time distribution
was calculated using the ‘prodlim’ package in R.

Difference in RMST

"To assess whether the experimental treatment has an effect
on survival time without assuming proportional hazards, we
calculated the absolute survival time of the patients in the
participating studies. The RMST is a statistical calculation
of the gain, or loss, in survival drawn from the area under
the survival curve until a certain time point. When the
difference in the RMST estimate is positive or negative, it is
interpreted as a gain or loss of survival time, respectively.

Assessment of spin

In addition to the SIFI and the RMST, we quantified the
level of distorted interpretation of study outcomes or “spin”.
The assessment of spin, was quantified as the number of
sections with altered conclusions despite nonsignificant
results, giving one point to each section with a spin on
the study results, including the abstract, main text and
conclusions.

When the primary outcome was not statistically
significant, the level of spin was classified as high, moderate,
or low/absent according to the classification described
by Boutron et /. (3). When the primary outcome was
statistically significant, the article conclusion provided by
the authors was classified as providing recommendations for
clinical practice.

We classified the level of spin based on specific criteria,
as follows. High spin was noted when the study did not
report possible issues in the study framing, when no clear
recommendations for further investigations were suggested or
when nonsignificant results for the primary outcomes were not
highlighted as the main study outcome. A high level of spin
was also noted when the author conclusions recommended
using the suggested treatment in clinical practice despite
nonsignificant results in the primary outcome. Moderate spin
was defined as some uncertainty in the study framing or a
recommendation for further trials with no acknowledgment of
the statistically nonsignificant results for the primary outcomes.
Low spin was noted as uncertainty in the study framing,
recommendations for further trials, or acknowledgment of the
statistically nonsignificant results for the primary outcomes.
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Statistical analysis

The results are reported as the median and interquartile
range (IQR) for continuous variables and as the number of
occurrences with proportions represented as percentages
for categorical variables. HR were calculated using Cox
proportional hazards regression models, and the statistical
analysis was performed using the unadjusted log-rank
test. All tests were two-sided. All statistical analyses were
performed in R version 3.5.0.

Results

A total of 6,167 articles were found in the initial search. After
exclusion of nonrandomized controlled studies and review of
the abstracts and full texts, fourteen randomized controlled
trials remained. Three studies (4,5,9) were excluded due
to the impossibility of calculating the SIFI due to a lack of
appropriate survival curve figures, leaving 11 randomized
trials (10-20) included in the final analysis. A PRISMA
flowchart of the included studies is shown in Figure S1.

Nine studies investigated systemic chemotherapy,
one study evaluated photodynamic therapy, and another
investigated the use of an endoscopically inserted stent in
the biliary tract. Gemcitabine and oxaliplatin (GEMOX),
which is considered the standard therapeutic regimen for
CC, was evaluated in four studies (11,13,14,16), while
S-1-based chemotherapy was evaluated in three studies
(15,17,19). Monoclonal antibodies as an addition to
standard chemotherapy regimens were evaluated in two
clinical trials (14,16). As for the study population, eight
trials (12-17,19,20) included patients with metastatic/
locally advanced cancer, while 3 studies examined adjuvant
therapy in patients following surgical resection (10,11,18).
The median sample size for the eligible trials was 150 (IQR:
75.5-246.5). The included studies are detailed in Table 1.
The selected outcome was overall survival in 9 (81.8%)
trials, and progression-free survival in 2 (18.2%) trials.

SIFI

The median STFT across the included studies was -2 (IQR:
-6.25, -0.25). Three studies (17,18,20) with significant
results had a positive fragility: 6 (ABC-02), 2 (BILCAP),
and 2 (PDT trial), representing only 0.4-4.6% of the total
sample size in these RCTs. A summary of the SIFI values
of the studies can be seen in Table 2 and an illustration of
SIFI calculation is given in Figure 1 (figures on all studies

HepatoBiliary Surg Nutr 2022;11(6):861-869 | https://dx.doi.org/10.21037/hbsn-21-118


https://cdn.amegroups.cn/static/public/HBSN-21-118-Supplementary.pdf

864

Table 1 Included studies
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1°* Author (ref)

Study ID and short name

Publication year, journal

Lee (12) NCT01149122 2012, Lancet Oncology
Leone (14) NCT01389414 (Vecti-BIL) 2012, Cancer

Li (15) ChiCTR-TRC-14004733 2016, Oncotarget
Malka (16) NCT00552149 (BINGO) 2014, Lancet Oncology
Valle (20) NCT00262769 (ABC-02) 2010, New England

Primrose (18)

EudraCT2005-003318-13
(BILCAP)

Journal of Medicine

2019, Lancet Oncology

Ebata (10) UMINO00000820 (BCAT) 2018, British Journal of
Surgery

Edeline (11) EudraCT2008-004560-39 2019, Journal of Clinical

(PRODIGE 12-ACCORD)  Oncology

Sasaki (19) UMINO00001703 2013, Cancer
Chemotherapy and
Pharmacology

Park (17) NCT00869635 2014, European Journal
of Cancer

Lee (13) NCT02166970 2017, Gastrointestinal

Endoscopy

Setting No. of patients Treatment vs. Control
Metastatic Disease, 268 GEMOX + Erlotinib vs.
Both GEMOX

Metastatic Disease, 89 GEMOX + Panitumumab
Both vs. GEMOX

Locally Advanced 75 GEM-S-1 vs. S-1
Disease, PHCC

Locally Advanced 150 GEMOX + Cetuximab vs.
Disease, Both GEMOX
Metastatic/Locally 410 Cisplatin + Gemcitabine
Advanced Disease, vs. Gemcitabine

Both

Adjuvant Treatment, 447 Capecitabine vs. Best
Both supportive care
Adjuvant Treatment, 225 Gemcitabine vs. Best
PH and distal CC supportive care
Adjuvant Treatment, 196 GEMOX vs. Best

Both supportive care

Locally Advanced 62 GEM-S-1 vs. GEM
Disease, Both

Locally Advanced 43 PDT + S-1vs. PDT
Disease, PHCC

Locally Advanced 133 Bilateral vs. Unilateral

Disease, PHCC Stent

Both CC intra- and extrahepatic CC. GEMOX, gemcitabine and oxaliplatin; PH, peri-hilar; CC, cholangiocarcinoma; PDT, photodynamic

therapy.

available on demand).
In addition, an example of SIFI calculation of the
BILCAP trial can be seen in Figure 2.

RMST

Overall, the median RMST difference (RMST-D) for
PFES (2 studies) and OS (9 studies) was 0.56 months (IQR:
0.10-0.95). The median RMST-D for overall survival
was 0.6 months (IQR: 0.08-1.3). In two studies (11,19),
the RMST-D was negative, indicating a loss in survival
in the interventional group. The longest gain in survival
was seen in the studies showing a significant improvement
in overall survival using the log-rank test. One exception
was seen in the trial that examined the effect of bilateral
stenting in patients with hilar CC, where the RMST-D
was significantly longer than that in patients treated with a

© HepatoBiliary Surgery and Nutrition. All rights reserved.

single stent, although the original overall survival analysis
demonstrated nonsignificant results (P=0.056). In addition,
the analysis of overall survival in the per-protocol group
in the BILCAP trial (18), which was originally found to
be statistically significant in favor of capecitabine (over
observation), showed no significant advantage when the
RMST-D was calculated. The RMST-D results of all
included studies are shown in Table 2.

Spin effect

Assessment of the included studies with nonsignificant
results demonstrated variable levels of spin in the abstracts
and conclusions of all of the manuscripts. However, only
in the BILCAP study (18) was spin applied to the study
outcomes in all of the examined sections of the manuscript
(abstract, main text, conclusion). Overall, the main text
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Table 2 Main study outcomes
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1** author (ref)

Primary endpoint

HR (95% CI); P value

RMST (95% Cl); P value

Lee (12)
Leone (14)

Li (15)

Malka (16)
Valle (20)
Primrose (18)
Primrose (18)
Ebata (10)
Edeline (11)
Sasaki (19)
Park (17)

Lee (13)

PFS
PFS
0s
0s
0s
oS (ITT
0S (PPT)
0s
0s
0s
0s
0s

0.80 (0.61, 1.03); 0.087
0.78 (0.51, 1.21); 0.27
0.68 (0.50, 0.90); 0.008
NA
0.64 (0.52, 0.80); <0.001
0.81(0.63, 1.04); 0.097
0.75 (0.58, 0.97); 0.028
1.01 (0.70, 1.45); 0.964
1.08 (0.70, 1.66); 0.74
NA
0.36 (0.17, 0.75); 0.005

0.679 (0.475, 1.009); 0.056

0.83 (~0.13, 1.80); 0.091
0.53 (~0.97, 2.02); 0.489
0.72 (-0.51, 1.95); 0.252
0.60 (~0.53, 1.73); 0.296
1.30 (0.55, 2.06); <0.001
0.08 (-0.21, 0.37); 0.587
0.14 (-0.15, 0.43); 0.349
0.11 (=0.17, 0.40); 0.432
-0.40 (~0.85, 0.04); 0.077
-0.07 (~1.86, 1.72); 0.942
2.55 (1.07, 4.02); <0.001
1.71 (0.48, 2.94); 0.006

HR, hazard ratio; Cl, confidence interval; SIFl, survival-inferred fragility index; RMST, restricted mean survival time (in months); PFS,
progression-free survival; OS, overall survival; ITT, intention to treat; PPT, per protocol treatment; NA, not available.

Park, 2014 (NCT00869635) -

Primrose, 2019 (BILCAP, PPT)

Lee, 2017 (NCT02166970)

Lee, 2012 (NCT01149122)

Li, 2016 (ChiCTR-TRC-14004733,GEM-S-1 vs. GEM) -
Leone 2012 (Vecti-BIL)

Primrose, 2019 (BILCARITT)

Sasaki, 2013 (UMINO00001703)

Valle, 2010 (ABC-02) -|

Malka, 2014(BINGO) ~

Edeline, 2019 (PRODIGE 12-ACCORD) +-15

Figure 1 SIFI of included studies. SIFI, survival-inferred fragility index.

was the most common location of spin within the paper
(10-14,16,18,19) (8 studies), followed by the abstract
(12,18,19) (3 studies) and the conclusion (16,18) (2 studies).
In addition, a high level of spin was seen in one study (18),
whereas a low level of spin was seen in five studies
(10,11,13,14,19), reported mainly as a need for further
investigations of the proposed treatment. The quantification
of spin for the included studies is described in Table 3.

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Discussion

Using additional statistical methods, the main messages
of the present study are (I) across most studies, the SIFI
analysis showed that the results are fragile and rely on a
small number of patients to reverse statistical significance (or
non-significance); (II) analysis of RMST-D showed that the
median survival gained, if any, in the majority of studies was
in the region of two weeks only; (II) the level of spin was
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Figure 2 Example of SIFI calculation using BILCAP study. SIFI, survival-inferred fragility index.
Table 3 Evaluation of spin in RCTs of treatment of cholangiocarcinoma
1 Author (ref) Abstract Main text Conclusion Total
Lee (12) High Moderate None 2
Leone (14) None Low None 1
Malka (16) None Low Low 2
Primrose (18) High Moderate High 3
Ebata (10) None Low None 1
Edeline (11) None Low None 1
Sasaki (19) Low Low None 1
Lee (13) None Low None 1

Spin measured as per Boutron et al. (5). RCT, randomized control trials.
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high for inconclusive studies.

Several RCTs have tried to assess the role of systemic
chemotherapy for CC, with contradictory results
(10,11,18,20). Only a handful of randomized controlled
studies showed any survival advantage due to adjuvant
treatment in patients suffering from CC or in patients
presenting with metastatic disease. Nonetheless, treatment
guidelines still rely on these controversial results, and
treatment regimens do not reflect the lack of supporting
evidence (21).

The fragility index, first described by Walsh ez 4/. (6), is
a binary calculation of the number of patients responsible
for a statistically significant finding in a randomized
controlled trial. Although useful for binary outcomes, it
is not applicable in time-to-event endpoints such as OS,
DEFS, PES, etc. (8). The SIFI is an extension of the FI that
allows to examine the robustness of the results from survival
analyses.

A low absolute SIFI (a value that is close to zero), as
seen in the majority of randomized trials examining the
treatment of CC, indicates that the statistical significance
of the survival analysis depends on a small number of
patients, undermining the clinical significance in these
studies, which also correlates with the poor outcome seen in
the studies where a survival benefit was not demonstrated.
Despite these results, practice parameters still include
many treatments without significant evidence for successful
outcomes, perhaps due to the lack of alternatives (21).

In addition, we evaluated the level of spin, as suggested
by Boutron ez 4. (3). Spin, in which the scientific reporting
of the study outcomes is filtered through the lens of the
author’s interpretation, is often misleading and can bring
physicians ill-informed decision making. As seen in previous
studies (22,23), there is often a discrepancy between the
statistical significance of the study outcomes and the study
conclusion and subsequent clinical recommendation.
Adding the level of spin seen in these studies to the
contradictory results and the low SIFI shows that although
the majority of studies do not support the current treatment
regimens, physicians are still urged to continue these
treatments, despite the lack of meaningful efficacy.

Although statistical significance of study outcomes
is commonly accepted as the required evidence for the
incorporation of new treatments, it is important to note that
statistical significance without adequate internal validity
of the study methodology can lead to misinterpretation
of study outcomes. For example, a recent comprehensive
meta-analysis of published oncology RCTs by Rubinstein
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et al. (24), demonstrated that the majority of studies
presented findings in a definitive manor, even when the P
values suggested a substantial risk of a type I error. Similar
observations were observed in RCTs for non-small cell lung
cancer (25), breast cancer (26) and other malignancies (27).
The ongoing debate about the interpretation of study
results led some researchers to recommend withdrawing the
dichotomous reporting of P values and use effect sizes and
confidence intervals as a more appropriate way to report a
clinically significant outcome (28,29).

Our study has several limitations which includes a
limited number of eligible RCTs for this analysis and the
selection of both intra- and extrahepatic CC or resectable
and unresectable CC for evaluation. Furthermore, the
rare incidence of CC poses a challenge in obtaining an
adequate level of statistical power, especially when the effect
size is small. One solution for this barrier is to encourage
collaborations between researchers to conduct wide-ranging
multicenter and multinational trials that would result in
larger sample sizes and statistical power.

Our results, demonstrating a significant bias in the way
randomized studies are conducted and reported, along with
the dismal outcomes seen in patients suffering from CC,
should encourage physicians to acknowledge the limitations
of existing studies, to share the latter during the patient-
doctor decision making, and more importantly to develop
new robust strategies for the treatment of CC.
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Figure S1 PRISMA flow diagram showing the search strategy along with the selection and screening processes for the eligible studies. RCT,

randomized control trials.
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