
Concerns Regarding Linear
Assumptions in Principal
Component Analysis:
Advocating for Nonlinear
and Nonparametric
Approaches in Pulmonary
Carcinoid Research
To the Editor:
Leunissen et al.1 identified defined molecular subgroups
on the basis of immunohistochemical analyses and po-
tential therapeutic vulnerabilities of pulmonary carci-
noids. They reported that unsupervised clustering was
performed using the k-means method, followed by
dimensionality reduction via principal component anal-
ysis (PCA). Their analysis utilized an enriched dataset of
protein expression, including OTP, HNF1A, ASCL1, S100,
and TTF1, correlating these proteins with various clinical
characteristics. In essence, PCA was employed for
feature reduction and to assess feature importance.1

Nevertheless, this article raises significant concerns
regarding the application of PCA for feature reduction and
importance assessment owing to its linear and parametric
nature. Although Leunissen et al.1 are knowledgeable in
thoracic oncology, they may lack expertise in algorithmic
calculations, which can introduce biases and lead to erro-
neous conclusions. PCA’s inherent linear assumptions
necessitate careful consideration of whether to employ
linear versus nonlinear and parametric versus nonpara-
metric approaches. Without this critical evaluation, essen-
tial features may be overlooked, resulting in substantial
biases. Therefore, it is crucial for researchers to consider
nonlinear and nonparametric methods to improve the
robustness of their analyses and reduce potential biases.

This article advocates for adopting bias-free robust
statistical methods such as Spearman’s correlation with
p values or Kendall’s tau with p values, both nonlinear
and nonparametric approaches.2–4

Imposing linear and parametric assumptions on
nonlinear data can lead to severe biases for several

reasons.5–8 First, linear models fit an assumption of a
straight-line relationship to the data. When the actual
relationship is nonlinear, the predictions made by the
model can significantly deviate from reality, resulting in
biased estimates and conclusions. In addition, this
inability to capture the complexities of nonlinear patterns
often leads to underfitting, which can compromise the
predictive performance and misguide interpretations of
the data. Moreover, parametric approaches commonly
assume that data follow a specific distribution—such as a
normal distribution—and when these assumptions are
violated, standard statistical inference techniques may
yield incorrect results, raising the potential for erroneous
conclusions. Furthermore, important features or
relationships may be overlooked when applying linear
methods, as these techniques fail to appropriately
represent the underlying structure of the data.
Consequently, significant variables could be missed, which
may lead to misguided strategies or policies on the basis
of incomplete or inaccurate information. Collectively,
these factors underscore the importance of employing
appropriate modeling techniques that align with the
underlying distribution and structure of the data,
ensuring that analyses yield valid and reliable insights.
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A Response to the Letter to
the Editor: “Linear Versus
Non-Linear: Debunking
Critiques on PCA Use in
Molecular Subgrouping of
Pulmonary Carcinoids”
To the Editor:
We have read the letter from Dr. Takefuji1 entitled
“Concerns Regarding Linear Assumptions in PCA:
Advocating for Nonlinear and Nonparametric Ap-
proaches in Pulmonary Carcinoid Research,” which we
received in response to our article on the identification
of defined molecular subgroups on the basis of immu-
nohistochemical analyses of pulmonary carcinoids.2

In our article, we reported that unsupervised clustering
was performed using the k-means algorithm, followed by
dimensionality reduction using principal component
analysis (PCA) employed as a verification method. Our
analysis utilized an enriched data set of protein expres-
sion, including OTP, HNF1A, ASCL1, S100, and TTF1, in
correlation with various clinical characteristics.2 Takefuji1

raises concerns regarding the application of PCA for
feature reduction and the assessment of feature impor-
tance due to its linear nature, which might result in po-
tential biases in data interpretation. Nevertheless, it needs
to be emphasized that PCA was not employed for feature
reduction nor for the assessment of feature importance
within our research as the author mistakenly points out,
and that the author overlooked that we actually did
perform the very nonlinear nonparametric analyses
(Spearman correlations) that he proposes.

Our clinical cohort was divided into molecular sub-
groups on the basis of the immunohistochemical marker H-
scores, which is a form of rank-basedmethod, not assuming
linearity. The H-score thresholds were defined using an in-
dependent matched RNA and protein cohort. Also note that
these RNA-defined molecular subgroups have been exten-
sively benchmarked, independently of our study, in the
study of Gabriel et al.,3 in which the performance of PCA (in
particular, its ability to preserve the nearest-neighbors from
the original high-dimensional space) was extensively
compared with that of UMAP, which is a nonlinear graph-
based method. UMAP was also performed by Dayton et
al.,4who yielded similar groupings. After subgrouping of our
clinical cohort, PCA was solely employed to verify an
agreement between the immunohistochemical-RNAdefined
clusters and the PCA-formed clusters. As reported in the
article, this analysis resulted in a 94% agreement between
the immunohistochemical-RNA defined clusters and the
PCA-formed clusters, proving the agreement between linear
and non-linear clustering methods. Furthermore, PCA clus-
tering was performed on a set of unclassifiable cases to
understand the differences of these cases compared with
the rest of the cohort. This PCAwasperformed to investigate
which clusters would form and to determine the molecular
subgroup to which they most closely correspond. In addi-
tion, Spearman correlations were indeed performed among
all different marker combinations as defined within the
supplementary data (Supplementary Fig. 3). Finally, note
that the data presented have been established in close
collaboration with biostatisticians and bioinformaticians
(i.e., Leunissen, Alcala, Foll) with knowledgeable insight into
applications of statistical methodology. Therefore, the sug-
gestion of a lack of expertise in algorithmic calculation
seems too strongly worded.

In conclusion, the suggestions made by Dr. Takefuji
seem incorrect and a more careful appreciation of the
(supplementary) data would have provided these in-
sights. Nevertheless, we support his statement on the
importance of the correct application of algorithmic
calculations in (thoracic) research.
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