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Article 

Characterization of Antineoplastic Agents Inducing 
Taste and Smell Disorders Using the FAERS 
Database 
Risa Hamazaki and Yoshihiro Uesawa * 

Department of Medical Molecular Informatics, Meiji Pharmaceutical University, Tokyo 204-8588, Japan 
* Correspondence: to whom correspondence should be addressed. 

Abstract: Taste and smell disorders can worsen the nutritional status of patients receiving 
chemotherapy and potentially affect drug treatment. However, there is limited knowledge on 
antineoplastic agents that induce taste and smell disorders. Therefore, we used the US Food and 
Drug Administration Adverse Event Reporting System database to analyze the characteristics of 
patients and antineoplastic agents in relation to taste and smell disorders. No gender differences 
related to onset of taste and smell disorders were found, whereas older age was identified as a 
possible risk factor. Among antineoplastic agent classes, protein kinase inhibitors appeared to be 
particularly likely to induce taste and smell disorders. Cluster analysis and principal component 
analysis that taste and smell disorders induced by antineoplastic agents are characterized by 
“disorder of taste/smell” and “decrease/change of taste and smell.” These findings might be useful 
in selecting drugs for patients experiencing similar side effects. 
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1. Introduction 

Taste and smell disorders caused by antineoplastic agents can decrease food intake in patients 
undergoing chemotherapy [1,2]. Meanwhile, malnutrition in patients with cancer can lead to weight 
loss, prolonged treatment, and reduced quality of life [1,3–5]. A study using the Italian spontaneous 
adverse drug reaction (ADR) reporting database identified 182 cases of taste and/or smell 
impairments. In particular, 75.3% of patients reported taste alterations alone, 11.0% reported smell 
impairments alone, and 13.7% reported that both taste and smell alterations occurred [6]. However, 
our knowledge of antineoplastic agents that induce these side effects is limited. In addition, because 
it is difficult for patients to distinguish taste disorders from smell disorders, patients with an 
abnormal sense of smell might also experience an abnormal sense of taste [7,8]. The US Food and 
Drug Administration (FDA) Adverse Event Reporting System (FAERS) database has a large number 
of reports because it collects reports from many countries, thereby permitting analyses of infrequent 
or underreported side effects. Using the FAERS database, this study aimed to understand or 
characterize antineoplastic agents that induce taste and smell disorders. 

2. Results 

2.1. Creation of Data Tables 

The analysis used a data table that combined the FAERS drug information (DRUG) table 
(50,641,329 rows), adverse reaction information (REAC) table (44,286,680 rows), and patient 
demographic information (DEMO) table (14,836,467 rows). Duplicate content was removed during 
data table creation. The flowchart of table creation is presented in Figure 1. 
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Figure 1. Flowchart for creating tables for analysis. 

Table A for analysis was created by de-duplicating each of the three tables (DRUG, REAC, and 
DEMO tables) and combining them using the primary ID. Table B for analysis and the lnROR matrix 
table were created from Table A. Table A was used to study the number of reports of taste and smell 
disorders and calculate p-values and RORs for drugs and adverse drug reactions. Table B presents 
information on the gender and age of patients who developed taste and smell disorders after 
antineoplastic agent treatment. The lnROR matrix was used for hierarchical cluster and principal 
component analyses. 

2.2. Number of Reports of Taste and Smell Disorders 

The data tables for analysis included 18,764 reports of abnormal taste and 1470 reports of 
abnormal olfaction among patients who used antineoplastic agents. There were 892 reports of 
combined taste and smell abnormalities (Table 1). 

Table 1. Numbers of reports of taste and smell disorders. 

 Number of reports Proportion (%) 
Taste or smell disorders 19,342 100 

Taste disorders 18.764 97.0 
Taste disorders only 17,872 92.4 

Smell disorders 1470 7.6 
Smell disorders only 578 3.0 

Both taste and smell disorders 892 4.6 

2.3. Relationships of Patient Age and Gender with Taste and Smell Disorders Induced by Antineoplastic 
Agents 

Table 2 presents data on gender and age of patients who used antineoplastic drugs. The results 
revealed no significant association with gender, whereas the risk of antineoplastic agent-induced 
taste and smell disorders was higher in patients aged ≥70 years. 
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Table 2. Information on the gender and age of patients using antineoplastic agents. 

Gender Taste and smell 
disorders 

Non-taste and smell 
disorders 

p (Fisher’s exact test) ROR 95% CI 

Male 5391 565,885 
0.569 0.990 0.955–1.025 

Female 7164 744,229 

Age Taste and smell 
disorders 

Non-taste and smell 
disorders 

p (Fisher’s exact test) ROR 95% CI 

≥70 4561 387,134 
<0.0001 1.381 1.332–1.432 

<70 8077 946,863 
CI, confidence interval 

2.4. Identification of Antineoplastic Agents That Induce Taste and Smell Disorders 

Scatter plots were created to identify antineoplastic agents that increase the risk of taste and 
smell disorders. As presented in Figure 2, 56 drugs were found to potentially induce taste and smell 
disorders based on their reporting odds ratios (RORs) and p-values (Supplementary Table S1). 

 

Figure 2. Volcano plot for antineoplastic agents and taste and smell disorders. 

The vertical axis presents the statistical significance based on Fisher’s exact test, and the 
horizontal axis presents the risk of inducing taste and smell disorders. Drugs significantly associated 
with adverse reactions are indicated in the upper right corner. The scatterplot is colored for 
antineoplastic agents according to the number of drug reports. Non-antineoplastic agents are 
presented in gray, and antineoplastic agents with lnROR ≥ 1 and −logp ≥ 1.3 or greater are labeled 
with the drug name. Drugs with 100 or more reports are presented. 

2.5. Relationships between the Class of Antineoplastic Agents and Taste and Smell Disorders 

Next, the risk of taste and smell disorders was examined by Anatomical Therapeutic Chemical 
(ATC) class. Specifically, the percentage of antineoplastic agents that were likely to induce taste and 
smell disorders in each of the seven categories of antineoplastic agents was calculated (Table 3). Based 
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on an analysis using Fisher’s exact test, protein kinase inhibitors were found to significantly increase 
the risk of taste and smell disorders among antineoplastic agents (Table 4). 

Table 3. Distribution on volcano plots by drug class. 

Medicinal 
classification by the 
ATC classification 

Antineoplastic agents likely 
to induce taste and smell 

disorders＊ 

Number of all 
drugs by drug 

class 

Antineoplastic agents likely 
to induce taste and smell 
disorders/number of all 
drugs by drug class (%) 

Alkylating agents 
(L01A) 1 26 3.85 

Antimetabolites 
(L01B) 1 19 5.26 

Plant alkaloids and 
other natural 

products (L01C) 
1 17 5.88 

Cytotoxic antibiotics 
and related 

substances (L01D) 
2 16 12.5 

Protein kinase 
inhibitors (L01E) 29 73 39.73 

Monoclonal 
antibodies and 
antibody drug 

conjugates (L01F) 

7 45 15.56 

Other antineoplastic 
agents (L01X) 16 65 24.62 

＊Antineoplastic agents likely to induce taste and smell disorders as indicated by p < 0.05 and ROR > 1 by Fisher’s 
exact test 

Table 4. p-values and RORs by drug category. 

Medicinal 
classification 

by ATC 
classification 

a b c d p ROR 95% CII 

Alkylating 
agents 

841 1,006,708 390,456 205,082,58
0 

<0.0001 0.439 0.410–0.470 

Antimetabolit
es 

3006 3,197,865 388,291 202,891,42
3 

<0.0001 0.491 0.474–0.509 

Plant 
alkaloids and 
other natural 

products 

1811 1,341,772 389,486 204,747,51
6 

<0.0001 0.710 0.677–0.743 

Cytotoxic 
antibiotics 
and related 
substances 

428 574,924 390,69 205,514,36
4 

<0.0001 0.391 0.356–0.430 

Protein 
kinase 

inhibitors 
11801 2,488,034 379,496 203,601,25

4 
<0.0001 2.545 2.498–2.592 

Monoclonal 
antibodies 2989 2,153,247 388,308 

203,936,04
1 <0.0001 0.729 0.703–0.756 
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and antibody 
drug 

conjugates 
Other 

antineoplastic 
agents 

6575 2,2190,02 384,722 203,870,28
6 

<0.0001 1.570 1.532–1.609 

a: Number of rows in which the patient is using a drug in the target drug class and has developed taste and/or 
smell disorders. b: Number of rows in which the patient is using a drug in the target medicinal class and has not 
developed taste and/or smell disorders. c: Number of rows in which the patient does not use a drug in the target 
medicinal class and has developed taste and/or smell disorders. d: Number of rows in which patients did not 
use the drug in the target therapeutic category and did not develop taste and/or smell disorders. p-values were 
calculated by Fisher’s exact test, and reported odds ratios were calculated. 

2.6. Hierarchical Cluster Analysis 

Hierarchical cluster analysis was performed using the natural logarithm of ROR (lnROR) matrix 
of side effects and antineoplastic agents, which identified three clusters (Figure 3). In addition, from 
the results of the cluster analysis, a constellation plot of drugs and side effect words was created 
(Figure 4). 

 

Figure 3. Hierarchical cluster analysis. 
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The figure presents the relationship between seven side effects related to taste and smell 
disorders and 56 antineoplastic agents. In the color map, red indicates positive correlations, and blue 
indicates negative correlations. 

 
Figure 4. Constellation plot. 

The figure provides a visual understanding of the results of the cluster analysis. Dots indicate 
individual data lines, and line lengths indicate relative distances between clusters. Plots (a) and (b) 
are related to side effects and drugs, respectively. 

2.7. Principal Component Analysis 

Figure 5 presents the results of principal component analysis. The contributions of principal 
components 1, 2, and 3 were 59.4%, 13%, and 9.53%, respectively. Principal component 1 was 
positively correlated lnROR in section 2.4. (p < 0.0001, R2 = 0.738, Figure 6). Principal component 2 
was positively correlated with the preferred terms (PTs) dysgeusia (p < 0.0001) and ageusia (p = 
0.0023), and negatively correlated with parosmia (p = 0.0099) and "hyposmia (p = 0.0022). Principal 
component 3 was positively correlated with the PTs hypogeusia (p = 0.0007) and hyposmia (p = 0.0018) 
and negatively correlated with taste disorder (p < 0.0001). 

Loadings plots (a) and (c) present the association between adverse events related to taste and 
smell disorders and each principal component. Each loading vector represents an adverse effect. 

Score plots (b) and (d) present the relationship between antineoplastic agents and each principal 
component. Each dot represents an antineoplastic agent. 

Each plot is colored by lnROR based on calculations for all drugs. 
The correlation between principal component 1 and “lnROR based on calculations for all drugs” 

was determined, and a least-squares line was fitted. 
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Figure 5. Relationships of taste and smell disorders with antineoplastic agents using principal 
component analysis. 

 
Figure 6. Bivariate relationship between principal component 1 and lnROR. 

3. Discussion 

3.1. Number of Reports of Taste and Smell Disorders 

Among the patients who used the antineoplastic agents shown in Table A, 100% of the patients 
developed either taste or smell disorder, approximately 92% of the patients developed only taste 
disorder, and approximately 3% developed only smell disorder. Approximately 5% of patients 
developed both taste and smell disorders. 

In this study, more disorders related to the sense of taste were reported than those related to the 
sense of smell, consistent with previous findings. 
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3.2. Characteristics of Patients with Taste and Smell Disorders and Antineoplastic Agents 

This study identified no difference in the risk of antineoplastic agent-induced taste and smell 
disorders according to gender. Studies on the relationship of gender with this risk have been 
inconsistent. Some studies identified female gender as a risk factor for the development of taste 
disorders [9,10], whereas others reported no significant differences regarding alterations in taste and 
smell between men and women undergoing chemotherapy [11]. 

Conversely, older age was identified as a risk factor for taste and smell disorders. Similarly as 
noted for gender, the association between age and the risk of taste and smell disorders has been 
inconsistent. Some studies suggested that young people have a higher risk of taste and smell 
alterations [12,13], whereas others found that older age increased the risk [9,14,15]. 

Concerning drug-induced taste disorder, a prior study reported a significantly higher incidence 
among elderly patients [16]. This suggests that the risk of dysgeusia induced by antineoplastic agents 
increases with advancing age, as is usually the case in patients with drug-induced taste disorder. A 
study on olfaction in the elderly indicated that the number of medications affects the olfactory 
threshold [17]. Future research should focus on the number of concomitant medications used by 
patients. In addition, the present study used an adverse drug reaction report database with a large 
bias, and thus, caution should be exercised in interpreting the findings. Based on the study results, 
appropriate monitoring of taste and smell should be conducted when administering antineoplastic 
agents to elderly patients. 

3.3. Relationships of Antineoplastic Agents with Taste and Smell Disorders 

A volcano plot was created, and 56 antineoplastic agents were found to likely induce taste and 
smell disorders. Some of the identified drugs, such as daratumumab, nintedanib, epirubicin, and 
tretinoin, did not list taste and smell disorders as side effects in their Japanese package inserts [18]. 
In addition, a pseudo-positive result might have been obtained for tretinoin. Caution should be 
exercised in the interpretation of the detected drugs. 

3.4. Relationship between the Class of Antineoplastic Agents and Taste and Smell Disorders 

The results indicated that protein kinase inhibitors represent the most likely drug class to induce 
taste and smell disorders among antineoplastic agents. A prior study using the Italian database of 
spontaneous adverse drug reaction reports similarly suggested that protein kinase inhibitors are 
associated with taste and smell impairment [6]. Studies on the association between protein kinase 
inhibitors and alterations in taste and smell suggested that oral toxicities, such as oral mucositis and 
xerostomia, affect taste receptor cells and olfactory receptor neurons, and neurodegeneration might 
be involved in the mechanism of taste and smell disorders [19]. Decreased Wnt-β catenin signaling 
can affect taste by affecting cell differentiation. Sunitinib, a signal for which was detected in this 
study, could have a similar effect [19,20]. EGFR inhibitors such as erlotinib afatinib and osimertinib, 
FGFR inhibitors such as erdafitinib, and the VEGFR inhibitor axitinib can also affect β-catenin 
signaling [19,21,22]. 

In addition, the “other antineoplastic agents” class was significantly more likely to induce taste 
and smell disorders. Hedgehog pathway inhibitors are believed to affect taste by inhibiting the 
differentiation of taste cell precursors into taste cells [19,23,24]. In this study, three drugs classified as 
hedgehog pathway inhibitors (L01XJ) in the ATC classification, namely vismodegib, sonidegib, and 
glasdegib, were detected as drugs that can cause this taste disorders. However, “other antineoplastic 
agents” includes a wide variety of drugs. Tretinoin, which is included in this class in this study, was 
found to have a significant link to taste disorders (p < 0.05, ROR > 1) with more than 100 reported 
cases. However, tretinoin is a vitamin A derivative that is used for various purposes other than cancer 
treatment. Vitamins are sometimes used to treat smell disorders, and some studies [25] suggested 
that topical vitamin A can improve smell disorders. Therefore, pseudo-positives are possible, and 
caution should be exercised in interpreting these medications. 
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3.5. Hierarchical Cluster Analysis 

Hierarchical cluster analysis is a method of grouping similar data to generate a classification 
[26]. The result of this analysis classified the drugs into three clusters (Figure 3), and Table 5 lists each 
cluster and the included drugs. Cluster 1 displayed a strong correlation with many of the seven side 
effect words, and the cluster included drugs such as vismodegib and tazemetostat. Cluster 3 exhibited 
a positive correlation for some side effects, whereas cluster 2 displayed a negative correlation with 
most side effects. All of the drugs used in this cluster analysis are considered likely to induce taste 
and smell disorders. However, the type of side effects that are likely to occur among them can vary 
by drug. 

Table 5. Drug clusters. 

Cluster 1 Cluster 2 Cluster 3 
Avapritinib Capecitabine Abemaciclib 
Enasidenib Dasatinib Afatinib 

Enfortumab vedotin Epirubicin Alectinib 
Entrectinib Erlotinib Alpelisib 
Erdafitinib Everolimus Axitinib 
Fedratinib Mitotane Bortezomib 
Glasdegib Panitumumab Bosutinib 

Lurbinectedin Pertuzumab Cabazitaxel 
Pexidartinib Sorafenib Cabozantinib 
Pralsetinib Trastuzumab Crizotinib 

Romidepsin Vorinostat Daratumumab 
Selinexor  Ixazomib 
Sonidegib  Lenvatinib 

Tazemetostat  Neratinib 
Trastuzumab deruxtecan  Nintedanib 

Valrubicin  Niraparib 
Vismodegib  Olaparib 

  Osimertinib 
  Palbociclib 
  Pazopanib 
  Pembrolizumab 
  Regorafenib 
  Ribociclib 
  Rucaparib 
  Sunitinib 
  Tretinoin 
  Tucatinib 
  Vemurafenib 

Based on these results, we further clarified the detailed characteristics of antineoplastic agents 
that induce taste and smell disorders by performing principal component analysis. 

3.6. Principal Component Analysis 

Principal component analysis reduces the dimensionality of the dataset, thereby increasing the 
potential for interpretation while reducing information loss [27]. Principal component 1 was 
positively correlated with lnROR (Figure 7). Principal component 1 represent a risk of taste and smell 
disorders. Principal component 2 was positively correlated with the PTs dysgeusia and ageusia, 
which are related to the sense of taste. It was negatively correlated with parosmia and hyposmia, 
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which are related to the sense of smell. This suggests that principal component 2 can be plotted in a 
more positive direction as it relates to taste side effects and in a more negative direction as it relates 
to smell side effects. Principal component 3 was positively correlated with the PTs hypogeusia and 
hyposmia, which are related to decreases in chemosensory perception. This component was also 
negatively correlated with the PT taste disorder, which is related to chemosensory changes. From this 
result, principal component 3 can be plotted in a positive direction for side effects that decrease 
chemosensory perception and in a negative direction for side effects that change sensory perception. 
Based on this speculation, we confirmed the score plots (Figure 6) for principal components 2 and 3. 
Erlotinib might be the drug likely to cause a decrease in taste, cabozantinib might be the drug likely 
to cause a change in taste, ribociclib might be the drug likely to cause a change in smell, and 
lurbinectedin might be the drug likely to cause a decrease in smell. These inferences are expected to 
be useful in monitoring side effects in patients using antineoplastic agents. 

3.7. Limitations 

This study had several limitations. First, FAERS is a spontaneous reporting database of adverse 
drug reactions. Spontaneous reporting of adverse drug reactions is subject to reporting bias [28,29], 
including underreporting and missing or erroneous data. In addition, because the denominator of 
the drug users is unknown, the ratio of adverse drug reactions cannot be calculated, making it 
impossible to perform an absolute risk assessment. As a countermeasure, we deleted data considered 
to be missing or erroneous in the analysis data tables for age and gender. In addition, the number of 
drugs detected was limited by the number of reports. 

In addition to underreporting, other biases included the notoriety effect [30], in which the 
number of reports of adverse events that have become the focus of attention increases, the ripple 
effect [30], in which the number of reports on drugs of the same type and efficacy as the specific drug 
that was the focus of adverse event attention increases, and the Weber effect [31], in which the number 
of reports increases immediately after marketing and decreases over time. In addition, another bias 
is the masking effect, in which certain adverse events are underestimated because of the association 
of other drugs [32]. Another concern is that when multiple drugs are administered, it is difficult to 
identify the drug responsible for the adverse reaction [33,34]. Furthermore, information such as the 
primary disease and route of administration, which were not included in this analysis, could be 
confounding factors that influence the occurrence of side effects. We are considering conducting 
further studies that consider these influences. 

4. Materials and Methods 

4.1. FAERS Database 

To comprehensively analyze taste and smell disorders induced by antineoplastic agents, we 
used the FAERS database, which contains cases from January 2004 to March 2022 (May 2022 public 
version) [35]. FAERS is a large FDA-published database of spontaneous adverse drug reaction 
reports. FAERS consists of seven data tables: DEMO, DRUG, REAC, Outcome (OUTC), Report 
Sources (RPSR), Indication (INDI), and Therapy (THER). Each table can be joined. The DEMO table 
contains basic patient information such as age, gender, and weight. The DRUG table contains drug 
information such as the drug name and administration method. The REAC table contains adverse 
event information such as PTs. The OUTC table contains outcome information. The RPSR table 
contains information sources. The INDI table contains drug indication information. The THER table 
contains information on the duration of treatment. For this analysis, we used Table A for analysis, 
which contains a combination of the DRUG, REAC, and DEMO tables with the elimination of 
duplicates. The combining was performed by primary ID. 

Because this study used anonymized data from an open access database, the requirement for 
ethical approval and informed consent by the Meiji Pharmaceutical University Ethics Committee was 
waived. 
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4.2. Adverse Event Terms and Drugs for Analysis 

The analyzed drugs were all reported to FAERS. Antineoplastic agents were defined as drugs 
classified as antineoplastic agents (L01) based on the ATC classification, a classification system 
proposed by the World Health Organization that categorizes drugs according to their therapeutic 
effects and characteristics [36]. Regarding adverse events, we used the Standardized MedDRA Query 
(SMQ) [37] in MedDRA ver. 25.0, and 14 adverse events from "taste and smell disorders” (SMQ: 
20000046, Table 6) included in the analysis after excluding congenital anosmia. Specifically, the taste 
disorders were “dysgeusia,” “ageusia,” “taste disorder,” “hypogeusia,” “hallucination, gustatory,” 
“hypergeusia,” and “gustometry, abnormal.” The smell disorders were “anosmia,” “parosmia,” 
“hyposmia,” “hallucination, olfactory,” “olfactory nerve disorder,” “olfactory test abnormal,” and 
“olfactory dysfunction.” 

Table 6. PTs (MedDRA ver. 25.0) and number of reports for analysis. 

PT_NAME＊ PT_CODE Number of records 
Dysgeusia 10013911 220,220 
Ageusia 10001480 70,503 

Taste disorder 10082490 34,849 
Anosmia 10002653 30,875 
Parosmia 10034018 22,325 

Hypogeusia 10020989 6926 
Hyposmia 10050515 3547 

Hallucination, olfactory 10019072 1371 
Olfactory nerve disorder 10056388 320 

Hypergeusia 10069147 184 
Hallucination, gustatory 10019071 157 

Gustometry abnormal 10064480 11 
Olfactory test abnormal 10062927 9 
Olfactory dysfunction 10086567 0 

4.3. Number of Reports of Taste and Smell Disorders 

Table A was used to measure the number of taste and smell disorders in cases in which a drug 
classified as an antineoplastic agent (L01) in the ATC classification was used. Adverse event terms 
were defined using the 14 terms listed in section 4.2. Patients receiving antineoplastic agents were 
counted as having developed an adverse reaction if they experience at least one taste or smell 
disorder. 

4.4. Relationships of Taste and Smell Disorders with Age and Genger Among Patients Using Antineoplastic 
Agents 

We removed all cases other than those in which antineoplastic agents were used on the basis of 
the data table created in section 4.1. In the case of multiple reports with the same primary ID, if there 
was more than one report of a taste or smell disorder, the patient was considered to have developed 
a taste or smell disorder. Cells in which age was not given in years were deleted. In addition, cases 
with ages lower than 0 or greater than 120 were removed as likely errors. The resulting table (Table 
B) contained 1,346,635 rows (Figure 1). Elderly persons were defined as those “70 years of age or 
older.” Patients were divided into two age groups: <70 and ≥70 years Gender was categorized as male 
or female. We further divided the patients into two groups according to the presence or absence of 
taste and smell disorders and analyzed the results using Fisher’s exact test to identify significant 
correlations. 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 July 2024                   doi:10.20944/preprints202407.0726.v1

https://doi.org/10.20944/preprints202407.0726.v1


 12 

 

4.5. Relationships between Antineoplastic Agents and Taste and Smell Disorders 

Using Table A, a 2 × 2 contingency table was created (Table 7). A value of 0.5 was added to all 
cells as a Haldane correction [38–40]. RORs and p-values were calculated for antineoplastic agents 
and side effect terms related to taste and smell disorders using Fisher’s exact test. We performed a 
relative evaluation by detecting the signal represented by the RORs of individual drugs. This 
imbalance analysis method allowed us to identify cases in which a high number of drug side effects 
are reported [41]. Based on the calculated values, a volcano plot was created with the vertical axis 
being the reciprocal of the common logarithm of the p-value (−logp) and the horizontal axis being 
lnROR, the natural logarithm of the ROR [42–46] (Figure 2). Volcano plots were used to visually 
interpret adverse drug events. This type of scatter plot is often used to understand trends in gene 
expression in microarray data analysis [47]. If the p-value is less than 1 × 10−308 power, it is not 
calculated by the statistical software, and thus, −logp is set to 308 as an approximation. Antineoplastic 
agents with statistically significant associations with adverse events (ROR > 1) [42–46,48] and more 
than 100 reports were selected as drugs for cluster and principal component analyses. 

Table 7. Crosstabulation table and formula for ROR. 

 Taste and smell disorders Non-taste and smell 
disorders 

Reports with the suspected drug a b 
All other reports c d 

ROR, reporting odds ratio [(a/b)/(c/d) = a × d/b × c] 

4.6. Relationships of the Class of Antineoplastic Agents with Taste and Smell Disorders 

Based on the ATC classification, antineoplastic agents include alkylating agents (L01A), 
antimetabolites (L01B), plant alkaloids and other natural products (L01C), cytotoxic antibiotics and 
related substances (L01D), protein kinase inhibitors (L01E), monoclonal antibodies and antibody 
drug conjugates (L01F), and other antineoplastic agents (L01X). For each of these categories, we 
calculated the percentage of antineoplastic agents that are likely to induce taste and smell disorders. 
In addition, a 2 × 2 contingency table was created for each of the seven categories of antineoplastic 
agents as described in section 4.5 (Table 7). p-values were calculated using Fisher’s exact test to 
identify significant correlations. 

4.7. Creation of Data Tables for Principal Component and Cluster Analyses 

A table of the lnROR for each taste and smell disturbance-related adverse reaction to 
antineoplastic agents (lnROR matrix) was created (Figure 1). The drugs analyzed were antineoplastic 
agents significant at p < 0.05 and ROR > 1 with at least 100 reported cases, as selected in section 4.6. 
Side effects with fewer than 3000 reports were removed. The seven PTs included it the analysis were 
dysgeusia, ageusia, taste disorder, anosmia, parosmia, hypogeusia, and hyposmia (Supplementary 
Table S2). 

4.8. Hierarchical Cluster Analysis 

A hierarchical cluster analysis was performed using the tally sheets created in section 4.7. The 
Ward method was used for the calculation [26]. 

4.9. Principal Component Analysis 

Similar to the hierarchical cluster analysis, a principal component analysis was performed using 
the tally sheets created in section 4.7. A correlation coefficient matrix was used for the analysis 
focusing on principal components 1, 2, and 3. 
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4.10. Statistical Analysis 

Statistical analyses were performed using JMP Pro 16.2 (SAS Institute Inc., Cary, NC, USA). The 
statistical significance level was set at P < 0.05. 

5. Conclusions 

Based on the results of this study, several antineoplastic agents were estimated to be likely to 
induce taste and smell disorders. The characteristics of each antineoplastic agent related to these side 
effects were also estimated by cluster and principal component analyses. We hope that these findings 
will serve as a basis for future epidemiological studies and clinical trials, and they will potentially be 
useful for selecting drugs and monitoring side effects in patients experiencing similar side effects. 
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