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Introduction — Violin Plot caries

» Data Visualisation technique

» A Combination of box plot and density plot

» Shows peaks in the data

» Distributions of numeric data for one or more groups using density curves

» Displays summary statistics and the density of each variable
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» To observe the distribution of numeric data
» To make a comparison of distributions between multiple groups
-

"he peaks, valleys, and tails of each group’s density curve can be compared to see where groups
are similar or different
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Kernel Density Estimate (KDE) Cuties

* KDE, is a less-frequently encountered depiction Normal kernel Epanechnikov kernel Triangular kernel
of data distribution, compared to the more ﬁ
common histogram

Small bandwidth

« Each data point contributes a small area around
Its true value

* The shape of this area is called the kernel ~
function.

« Kernels can take different shapes from smooth
bell curves to sharp triangular peaks

« Kernels can have different width, or bandwidth,
affecting the influence of each individual data A D | VA BN
point

Large bandwidth
L1
i
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Population n =100 n=20 n=5
Figure 1 Normal
o o 16 16 16 16
Violin Plots for the Koegel et al. (1992} Data for Participant Tony
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Note. The upper panel shows the basic violin plots. The lower panel shows the same violin plots with the 8 B *e% %ot %’y ¢ 8 L 8

addition of a boxplot and jitter of the raw scores. Blue indicates clinical setting, green indicates commumnity
setting, and black indicates school setting,.
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CR (Complete Response): 100% shrinkage

PR (Partial Response): More than 30% shrinkage
SD (Stable Disease): Between -30% and +20%
PD (Progressive Disease): Growth beyond 20%

Subject 1D Treatment Biomarker Level Tumor Response (mm) RECIST Category

10001 Drug A 23.5 -15 PR (Partial Response)
10002 Placebo 18.2 + 10 FD (Frogressive Disease)
10003 Drug A 27.8 -25 PR (Partial Response)
10004 Drug A 19.4 -5 SD (5table Disease)
10005 Flacebo 16.5 +12 PD (Progressive Disease)
10006 Drug A 30.71 -30 CR (Complete Response)
10007 Flacebo 21.2 0 S0 (S5table Dhisease)
10008 Drug A 23.3 20 PR (Partial Response)
10009 FPlacebo 17.8 + 5 PD (FProgressive Disease)

10010 Drug A 29.5 -35 CR (Complete Response)
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» Load packages with library() function
» Packages includes ggplot2, dplyr, gridRxtra

# Load 1ibrary > # Display first 15 rows
Tibrary(ggplot2)
Tibrary (dplyr) > head(oncology_data,15)
library(gridextra) subject_ID Treatment Tumor_Response Biomarker_Level RECIST
# Set seed for reproducibility 1 0aaol1 Drug A -76. 20951 11.447967 FR
set.seed(123) 2 00002 Drug A -69, 60355 16.284419 PR
# Crgalate ‘éumm" rezpons;a: & B}Dmar"ker dataset 3 Q0003 Drug A -33. 82583 13. 7665341 PR
oncology_data <- data.trame -
SMﬂgitlnzzsprhwf{WﬂEd",1:1mD. 4 Q0004 Drug A -63. 58983 13. 262287 PR
Treatment = rep(c("Drug A", "Placebo"), each = 50), 5 00005 Drug A -62.41425 10, 241907 PR
Tumor_Response = C[;gg:mggg: 22:2 j :gg: zg z gg%j, (3] Q0006 Drug A -30. 69870 14, 774861 PR
Biomarker_Level = c(rnorm(50, mean = 15, sd = 5), 7 aQQaay Drug A -85, . 7E1GE 11.075478 PR
] rrorm(s0, mean = 20, sd = 6)) g 00008  Drug A -90.30122 6.660290  CR
. . e baeed 9 Q0009 Drug A -78.73700 13, 098867 FR
oncology data < oncology data s Lonc PEreemtage 10 00010  Drug A -73.91324 19.594983 PR
mu?ateEZEQCIST = CﬂEE—gEE”{"CR“  comblete R 11 00011 Drug A -40. 51836 12.123265 PR
umor_Response <= -80 ~ , # Complete Response -
TUH’IDF‘_RESEDHSE <= -30 ~ "PR", = PaEtiEﬂ RESEDHSE 12 00012 Drug A -537. 80372 18.03982. PR
Tumor Response o= 20 = BB # Progresive Disesse oo 13 00015 Drug A m20.38457 0.910586 PR
D) i R ’ 14 00014 Drug A -62.78635 14.722190 PR
153 00015 Drug A -76.11682 17.597036 PR

# Display first 15 rows
head(oncology_data,15)
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Tumor Response (%) by RECIST Category
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Tumor Response by RECIST Category

. ) - e A i CR = Complete Response, PR = Partial Response, 5D = Stable Disease, PD = Progressive Disease
recist_colors <- c("CR" = "RADEISE", "PR" = "R "SD" - "REGOFOOI, "D = "BOEEN ) i

— L
# violin plot by RECIST categar';

ggplot(oncology_data, aes(x = RECIST, y = Tumor_Response, fill = RECIST)) + i

# Custom color scheme ﬂ:lr RECIST

geom_violin(trim = FALSE, alpha = 0.6, color = "MNEWY ) + o ld
geom_boxplot(width = 0.1, color = "WJEWR , alpha = 0. .E outlier.shape = NA) + 9 0 .
geon_jitter(shape = 16, position = position_jitter(0.2), alpha = 0.4, color = "[EWY ) + oy “PA. e,
stat_summary(fun = "mean”, geom = "point”, shape = 8, size = 4, color = "[g') + E n ¢
stat_summary(fun = "median”, geom = "point”, shape = 4, size = 4, color = PH") + § AN ™A ’ *
scale_fill_manual (values = recist_colors) + -5 "
labs(title = "Tumor Response by RECIST Category", 5 :"‘ S

subtitle = "CR = Complete Response, PR = Partial Response, 5D = Stable Disease, PD = Progressive Disease”, § ’ f B

= "RECIST Category”, d M

y = "Tumor Response (%)") + -80 Tt ’
theme_minimal (base_size = 12) +
theme(legend. position = "none”, .

plot.title = element_text(face = "bold", size = 16),

axis.title = element_text(size = 14), - Sin - i

axis.text = element_text(size = 12)) RECIST Category
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Tumor Response by Treatment & RECIST

# Vviolin Plot with facet wrap for Treatment and RECIST category Tumor Response by Treatment and RECIST Category
ggplot(oncology_data, aes(x = RECIST, y = Tumor_Response, Till = RECIST)) + Faceted Violin Plots for Treatment Drug A & Placebo
geom_violin(trim = FALSE, alpha = 0.6, color = "[dMEWY" ) + S -
geom_boxplot(width = 0.1, color = "lEMY , alpha = 0.8, outlier.shape = nNA) +
geom_jitter(shape = 16, position = position_jitter(0.2), alpha = 0.4, color = "AEE ) + ==
stat_summary(fun = "mean”, geom = "point”, shape = 8, size = 4, color = "Qgl") +
stat_summary(fun = "median”, geom = "point”, shape = 4, size = 4, color =" ")+ A '
scale_Till_manual(values = recist_colors) + %i 0
labs(title = "Tumor Response by Treatment and RECIST Category', o \
subtitle = "Faceted violin Plots for Treatment Drug A & Placebo”, §_60 :
x = "RECIST Category", E
y = "Tumor Response (%)) + =
facet_wrap(~Treatment, scales = "free_y"”) + # Facet by Treatment £ 50
theme_minimal (base_size = 14) + T
theme(legend. position = "none”,

plot.title = element_text(face = "bold”, size = 16),

axis.title = element_text(size = 14,

axis.text = element_text(size = 12)) CR oD PR sD CR PD PR sD
RECIST Category
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Tumor Reduction by Treatment Group

Distribution of Tumor Reduction (%) by Treatment Group

# violin Plot for Tumor Reduction
goplot(oncology_data, aes(x = Treatment, y = Tumor_Response, fill = Treatment)) + :
geom_violin(trim = FALSE, alpha = 0.6) + :
geamLhﬂxp1ﬂt(w1dth = 0.1, color = '[QEWY', alpha = 0.8) +
1ah5(t1t1& = "Distribution of Tumor Reduct1ﬂn (%) by Treatment Group”, i

X = "Treatment Group",
y = "Tumor Reduction (%)) + Treatment
:J; | Drug A
B Pracebo

theme_minimal ()

Turmnor Reduction (%)

-100

Drug A Placebo
Treatment Group
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Example 4: Violin Plot
Biomarker Levels by Treatment Group
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Distribution of Biomarker Levels by Treatment Group

# violin Plot for Biomarker Levels 50
goplot(oncology_data, aes(x = Treatment, y = Biomarker_Level, fill = Treatment)) +
geom_violin(trim = FALSE, alpha = 0. 6)

gecrm_bcmpht(mdth = 0.1, JEWq |, alpha = 0.8) + =
1ah5(t1ﬂe = "Distribution of Biomar kEl LELE]S by Treatment Group”,
X = "Treatment Group”, 30 oy e ——

y = "Biomarker Level”) +
y1im(0,50)+
theme_minimal()+
theme(plot.title = element_text(hjust = 0.3)) # Center-align title

Drug A
20 E Placebo

Biomarker Level

10

Drug A Placebo
Treatment Group
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# violin Plot
violin_plot <- ggplot(oncology_data, aes(x = Treatment, y = Biomarker_Level, fill = Treatment)) +
geon_violin(trim = FALSE, alpha = 0.6) +
geom_boxplot(width = 0.1, color = "[JEXER", alpha = 0.8) + ST .o . O
labs (title = "Violin Plot: Biomarker Levels by Treatment”, x = "Treatment”, y - "siomarker Level”) = Violin Plot: Biomarker Levels by Treatment Box Plot: Biomarker Levels by Treatment
theme_minimal() +
theme( 40 .
panel.grid.major

element_blank(), 40
panel.grid.minor

element_hlank()

theme(plot.title = element_text(hjust = 0.5)) 30

30 Treatment

EFE Drug A
Placebo

Treatment

“ Drug A
- Placebo

# Box Plot
hox_plot <- ggplot(oncology_data, aes(x = Treatment, y = Biomarker_Level, fill = Treatment)) +
geom_boxplot() +
Tabs(title = "Box Plot: Biomarker Levels by Treatment”, x = "Treatment”, y = "Biomarker Level") +
theme_minimal () +
theme(
panel.grid.major
panel.grid.minor

20 20

Biomarker Level

10

Biomarker Level

10
element_blank(),

element_blank() 0

th;me[mot.tiﬂe = element_text(hjust = 0.5)) Drug A Placebo Drug A Placebo

Treatment Treatment
# Histogram : - ; .
histogram plot <- ggplot(oncology_data, aes(x = Biomarker_Level, fill = Treatment)) + Histogram: Biomarker Levels Density Plot: Biomarker Levels
geom_histogram(alpha = 0.6, position = "identity", bins = 15) + 0.08
labs(title = "Histogram: Biomarker Levels", x = "Biomarker Level", y = "Count") + - ’
theme_minimal() +
theme( g9
panel.grid.major = element_blank(), 0.06
panel.grid.minor = element_blank() Treatment

=
Drug A C 0.04

o)

()]

Placebo

Treatment

theme (plot.title = element_text(hjust = 0.5)) Drug A

Count

# Density Plot
density_plot <- ggplot(oncology_data, aes(x = Biomarker_Level, fill = Treatment)) + 3
geom_density(alpha = 0.6) +
Tabs(title = "Density Plot: Biomarker Levels”, x = "Biomarker Level", y = "Density") +
theme_minimal() + 0 0.00
theme(
panel.grid.major
panel.grid.minor

Placebo

element_blank(), 10 20 30 40 10 20 30 40
element_blank() Biomarker Level Biomarker Level

theme(plot.title = element_text(hjust = 0.5))

# Arrange all plots in a grid
grid.arrange(violin_plot, box_plot, histogram_plot, density_plot, ncol = 2)
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Usage

6. Usage in Oncology

How Violin Plots Help in Oncology Data Analysis
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Data Distribution

Displays the full probability distribution, showing if biomarker levels or tumor responses follow a normal or
skewed distribution.

Variability Assessment

Highlights the spread of data within each treatment group, indicating whether responses are consistent or
highly variable.

Multimodal Distributions

Helps detect subpopulations in oncology data by revealing multiple peaks that standard boxplots might
missS.

Comparing Treatment Responses

Enables visual comparison of different treatments by showing how their distributions differ in shape and
spread.

Outlier Identification

Provides better context for outliers by showing density, which is useful in identifying exceptional
responders or adverse effects.

Clinical Interpretation

Helps researchers and clinicians detect shifts in distributions, indicating treatment efficacy or toxicity
concerns.

Oncology

Comparing biomarker levels (e.g., PD-L1, VEGF) across treatment arms

Evaluating tumor shrinkage over time

Representing survival analysis (PFS, OS) distributions
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Linear ¥ axis Logarithmic Y axis
Issue # 1
v Even though the data used to generate a violin plot contains 100 100
only positive numbers ?
- . = . . ED_
v' the violin itself may extend beyond zero into negative values o
v This is problematic because logarithms can't be negative (or o7
Zero)
-50 T 1 1 T |
Truncated Extended Truncated Extended
Linear ¥ axis Logarithmic ¥ axis
Issue # 2 20000 100000
v’ The width of violin plots is determined by examining the I—— - 10000—
distance between values in a linear fashion =
- 1000=
10000 -
. . . . s 100-
v This is problematic because the distance between values on 5000 :;_ 3
a logarithmic axis is not uniform _/_;:?é 104 E E
ol IR 1= ) )
-5000 . T 0.1 . .

Truncated Extended Truncated Extended
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~Leonardo da Vinci
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