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Background

Nasopharyngeal carcinoma (NPC) is a rare cancer with a
distinct geographic distribution, being endemic in Southern
China, Southeast Asia (eg, Singapore, the Maldives, Indonesia,
Malaysia, Vietnam), and Northern Africa.!> Most NPC cases
are associated with Epstein—Barr virus (EBV) infection.

High-level evidence has established concurrent chemora-
diotherapy (CTRT) as the standard treatment for locoregion-
ally advanced (LRA) NPC (a meta-analysis of chemotherapy
on 26 trials and 7080 patients showed an absolute survival
increase of 6.1% at 5 years, and 8.4% at 10 years, P < .0001),
achieving a high local disease control rate (loco-regional fail-
ure dropped by 3.4% at 5 years, and by 3.7% at 10 years,
P =.0001).> However, recurrence and distant metastases
remain significant challenges. Given the chemosensitivity of
this disease, induction chemotherapy (ICT) before CTRT has
been explored as a strategy to enhance outcomes by reducing
tumor burden and eradicating micrometastatic disease. An
Individual Patient Data Network Meta-Analysis conducted
on 20 clinical trials and 5144 NPC patients showed an abso-
lute benefit of ICT over CTRT by 8.7% at 5 years.*

Several phase III trials have confirmed the superiority of
ICT followed by CTRT over CTRT alone, demonstrating
significant improvements in both progression-free (PFS) and
overall survival (OS).5¢

ICT has also shown superior tolerability and compliance
when added to CTRT compared to adjuvant chemotherapy,
which is associated with higher risks of mucositis and hearing
loss.*

Thus, international guidelines recommend induction for
LRA NPC.>7$

However, only a few head-to-head studies have com-
pared the 2 main ICT regimens, TPF (docetaxel, cisplatin,
S-fluorouracil) and platinum-gemcitabine (GP), especially

in real-world settings,”'> and no large-scale prospective ran-

domized controlled trials (RCTs) have been conducted to
determine their differences in terms of outcomes. In everyday
practice, clinicians must choose between TPF and GP based
on their experience and the individual patient’s condition,
without strong high-level evidence to guide their decision.
TPF has proven efficacy but is associated with significant tox-
icity (43% of grade 3-4 adverse events during the neoadjuvant
phase, mostly leuco-neutropenia, and stomatitis; 73% in the
overall treatment period including CTRT). In contrast, GP is
a newer alternative, adapted from the metastatic setting, that
offers comparable efficacy (hazard ratio for PFS 0.51 with
GP, 0.68 with TPF; hazard ratio for OS 0.43 with GP, 0.59
with TPF) with the potential for reduced toxicity, especially in
terms of leuco-netropenia and mucositis.

Furthermore, with the promising results of the Asian trials
investigating chemoimmunotherapy as a neoadjuvant strat-
egy, and its emergence as the new standard for LRA NPC,'*15
there will be fewer opportunities to evaluate ICT regimens
based solely on chemotherapy in the future. The occasion to
reassess the existing evidence through a data-driven approach,
leveraging existing phase III data, offers a unique chance to
compare the efficacy and toxicity of available regimens before
induction strategies evolve shortly.

Retrospective studies are prone to biases. Besides, reliable
long-term data can also be sourced from previously published
studies. In this context, extracting individual patient data (IPD)
from published survival curves provides a practical approach
to reconstructing survival trends. This method has the poten-
tial to generate sufficiently robust evidence to support indirect
analyses, which may aid in clinical decision-making.

This article reports the analysis of pooled data extracted
from the scientific papers of the 2 pivotal RCTs assessing the
superiority of ICT followed by CTRT vs. CTRT alone in LRA
NPC.
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Table 1. Summary of survival comparisons.
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Arm Measure FFS LRFS DMEFS oS
Control (CTRT without induction CT) P value (log-rank) 414 352 .861 .899
Experimental (ref TPF) P value .089 .813 458 41
(log-rank)
5-y-RMSTD 2.763 0.128 1.15 1.857
(st.err) (1.513) (1.079) (1.175) (0.965)
P value P=.067 P =.905 P=.327 P=.054

Abbreviations: CT, chemotherapy; DMFS, distant metastasis-free survival; FFS, failure-free survival; LRFS, loco-regional recurrence-free survival; OS,
overall survival; 5-y-RMST, restricted mean survival time difference at 5 years; st. err, standard error.

Methods

The clinical characteristics and the acute and late grade > 3
adverse events of the comparator (ie, concomitant chemora-
diation in the TPF and the GP trials) and experimental arms
(ie, TPF vs. GP) of the 2 RCTs (TPF: Sun Y et al. Lancet Oncol
2016 and GP: Zhang Y et al. NEJM 2019) were compared
through descriptive statistics, notably with Fisher’s exact test
using MedCalc Software. Although these comparisons should
be regarded with criticism due to the innate bias of the AE
reporting in different clinical trials, these comparisons were
conducted to estimate a trend toward major differences in
terms of safety between the 2 ICT regimens. Moreover, even if
several other ICT regimens have been reported in the literature
(eg, TP, TPC, etc.), the analyses concentrated on the 2 most
broadly known in the literature and cited in clinical practice
guidelines. IPD were reconstructed using the methodology
outlined by Liu N et al.'® Source data were extracted from the
figures presented in the 2 RCTs. The failure/recurrence-free
survival (FFS), loco-regional recurrence-free survival (LRFS),
and distant metastasis-free survival (DMFS) were extracted
from the first publications of the 2 clinical studies.>® OS
was reconstructed by digitalizing the curves published in
the respective long-term follow-up final reports.'”'® All the
survival curves were digitized with the Digitizelt software,"”
and the resulting CSV files containing the extracted x-y data
points were subsequently uploaded to a Shiny application to
obtain the inferred IPD. 62

The following metrics were calculated to assess the accu-
racy of the reconstructed data: root mean square error, mean
absolute error, maximum absolute error, and the P-value
derived from the Kolmogorov—Smirnov test statistics. The
finalized virtual database of IPD was analyzed using SAS®
OnDemand for Academics. All survival curves were estimated
via the Kaplan-Meier method and compared using the log-
rank test. Comparisons were made between the comparator
and experimental arms. The restricted mean survival time dif-
ference (RMSTD) at § years was estimated for each group.

Finally, a pooled analysis with the virtual dataset was con-
ducted to characterize the benefit of the addition of induction
chemotherapy in NPC across 2 large, randomized phase III
trials.

Results

The clinical characteristics of patients randomized in the
comparator arms did not differ significantly (Supplementary
Table S1). At the same time (Supplementary Table S2), a sta-
tistically significant difference was observed in performance
status (Karnofsky performance status 90%-100%: TPF 90%

vs. GP 82%, P = .017) and primary tumor stage category (T1-
T2: TPF 17% vs. GP 7%, P = .0009).

The frequency of grade >3 acute toxicities was similar
between the 2 induction chemotherapy arms (Supplementary
Table S3). Compared to subjects treated with TPF, those
receiving GP had less frequent leukopenia (26% vs. 41%,
P =.0009), neutropenia (28% vs. 42%, P = .001), and muco-
sitis (29% vs. 41%, P = .005), but more anemia (10% vs. 2%,
P =.0002) and thrombocytopenia (11% vs. 3%, P =.0002).
No significant differences were observed in late toxicities
(Supplementary Table S4).

Sixteen survival curves were reconstructed, 4s for each of the
4 groups of interest: FFS, LRFS, DMFS, and OS (Supplementary
Figure S1) for the comparator and experimental arms of the
TPF and the GP trials. The summary statistics of the digi-
talized curves are reported in Supplementary Tables S5 and S6.
Survival analyses are summarized in Table 1.

The pooled analysis showed a statistically significant pro-
longation for induction chemotherapy over CTRT in terms
of FFS, DMFS, and OS, and a trend towards significance for
LREFS (Supplementary Figures S2-S5).

Discussion

IC plus CTRT has shown superiority to CTRT in the manage-
ment of high-risk NPC in several RCTs; however, the optimal
IC regimen has not been established at present. Furthermore,
these studies showed that the tumor’s response to IC could
inform survival outcomes and might guide patients’ person-
alized treatment.

Our indirect comparison suggests that GP may offer a slight
survival advantage over TPF in OS, though statistical signifi-
cance has not been reached. Patients included in the TPF trial
had better performance status and lower disease stage than
those enrolled in the GP RCT. These favorable characteristics
could have turned into some prognostic advantage of TPE.
Despite this positive bias, TPF did not perform better than GP
in terms of patient outcomes. Indeed, the restricted mean sur-
vival time (RMST) analysis supports a trend toward a longer
OS with GP.

Extracting data from the published papers made it impos-
sible to infer IPD about plasma EBV DNA. The lack of
comparison of this biomarker is one of the drawbacks of
the current work. High levels of plasma EBV DNA are an
adverse prognostic factor. Thus, this circulating biomarker
is recommended as a practical selector and clinical stage to
prescribe ICT.>*

As far as treatment compliance and adverse events are
concerned, GP was less toxic than TPE, particularly in terms
of hematological toxicities. This better safety profile may
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explain the observed trend toward better OS without relevant
differences in FFS, LRFS, and DMFS. Indeed, the long-term
survival detriment with TPF could be due to an increased
non-cancer-related mortality, likely owed to the impact of
treatment-related toxicities. Thus, balancing risks and bene-
fits for IC in high-risk NPC is fundamental to avoid limita-
tions on CTRT delivery, which remains the backbone of LRA
NPC treatment.

Given similar efficacy but lower toxicity, GP might be
the most favorable induction regimen in routine clinical
practice. However, no direct comparison trial confirms this
superiority, and clinical decision-making should be individu-
alized, considering patients’ characteristics (ie, performance
status, comorbidities) and disease stage. Different interna-
tional guidelines now recommend a GP regimen combined
with immune checkpoint inhibitors as a first-line approach
for recurrent/metastatic disease, and induction chemoimmu-
notherapy for non-metastatic LRA NPC has yet to become
a new standard of care. Of note, a recent randomized trial
conducted in the recurrent/metastatic setting has shown that
a triplet regimen of nab-paclitaxel, cisplatin, and capecit-
abine outperformed gemcitabine plus cisplatin in terms of
efficacy,’! suggesting a potential role for taxane-based com-
binations that warrants further investigation in the induc-
tion setting.

The strengths of our data-driven reassessment include the
comparison of phase IlI randomized data, which could mini-
mize potential selection bias. Furthermore, the digitalization
of Kaplan—Meier survival curves allows indirect reconstruc-
tion of IPD for advanced survival analyses.

Another opportunity was to characterize the benefit of add-
ing induction chemotherapy to NPC across 2 significant ran-
domized phase III trials. In this scenario, the pooled analysis
with the obtained dataset confirmed the well-known survival
improvement over CTRT alone.

However, a limitation of this method is the lack of direct
access to IPD, which prevents adjustment for potential
confounders. Additionally, the heterogeneity between the
analyzed trials may introduce some variability despite sim-
ilar eligibility criteria and treatment protocols. The lack of
quality-of-life data and cost-effectiveness analyses limits the
full assessment of the treatment burden.

A significant limitation that must be disclosed is that this
work is a cross-trial comparison, including inherent bias,
baseline differences, and selection bias. This aspect is particu-
larly evident as far as safety is concerned. Indeed, AE capture
is among the most poorly controlled elements in all clinical
trials, even from 1 RCT to another.

Moreover, a disclaimer should be done citing the acronym
“TPE” The actual regimen used in the RCT in NPC was sub-
stantially dose reduced relative to the TPF regimens devel-
oped in Europe and North America, and, currently, it is not
so clear that this “TPF lite” is more toxic than GC. Adding
up different AEs and grades and comparing them outside of
a single RCT is likely to be skewed by so many factors as to
be uninterpretable.

In conclusion, the role of induction therapy based only on
chemotherapeutic agents will inevitably decrease because of
the advent of a combination approach with immunotherapy.
Our analysis represents one of the last opportunities to com-
pare chemotherapy-based induction regimens before immu-
notherapy reshapes treatment algorithms and paradigms in
LRA NPC.

Lastly, a relevant unanswered question is whether we can
translate the results of clinical studies conducted in endemic
areas to a non-endemic setting. All the knowledge of NPC's
natural history is based on studies that have involved patients
from Southern China and Southeast Asia, and the vast major-
ity of clinical trials have been conducted in this setting.
According to recent translational research based on transcrip-
tomic analyses,?? the similarities between the gene expression
profiles of endemic and non-endemic NPC may also support
the applicability of these results outside the endemic setting.
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