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Sequential administration of PD-1 inhibitor
and cetuximab causes pneumonia
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Abstract. Severe drug-induced lung injury (DLI) has been
reported to be associated with sequential administration of
osimertinib, a third-generation tyrosine kinase inhibitor,
following a programmed cell death ligand 1 (PD-L1) inhibitor.
However, the relationship of sequential treatment with an
anti-epidermal growth factor receptor (EGFR) antibody and
PD-1 inhibitor with the risk of DLI remains to be elucidated.
The present study conducted a retrospective review of the
medical records of a total of 179 patients with head and
neck cancer who had received treatment with cetuximab
and/or a PD-1 inhibitor (nivolumab or pembrolizumab) at
Chiba University Hospital (Chiba, Japan) between September
2014 and December 2020. The incidence of pneumonia
and the clinical background characteristics of the patients
were analyzed. The patients were classified into subgroups
for analysis of the outcomes in this study: Patients who had
received sequential, but not concurrent, cetuximab and PD-1
inhibitor treatment (Group C+P; n=43); patients who had
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received cetuximab-containing chemotherapy, but not a PD-1
inhibitor (Group C; n=101); and patients who had received
PD-1 inhibitor-containing chemotherapy, but not cetuximab
(Group P; n=35). The rates of DLI in the three groups were:
Group C+P, 18.6%; Group C, 7.9%; and Group P, 11.4%. Prior
use of ICI was not associated with any increase in the risk of
DLI. DLI is seen frequently in patients receiving sequential
PD-1 inhibitor and anti-EGFR antibody therapy.

Introduction

Drug-induced lung injury (DLI) is a condition characterized
by inflammation, and eventual fibrosis, of the interstitium of
the lungs caused by administration of drugs (1). Severe DLI
has been reported to occur at a particularly high frequency
in patients receiving sequential treatment with osimertinib
following administration of a programmed cell death ligand
1 (PD-L1) inhibitor (2). However, the relationship of sequen-
tial treatment with an anti-epidermal growth factor receptor
(EGFR) antibodies and PD-L1 blocker with the incidence
of DLI remains to be elucidated. The prognosis and rates of
continuation of the anticancer therapy treatment vary greatly
among patients developing DLI and the efficacy of steroid
therapy to treat the DLI has not yet been established. However,
in general clinical practice, discontinuation of the causative
agent and/or steroid treatment are widely used in patients
diagnosed as having significant DLI (3). The efficacy of treat-
ment response to treatment of DLI is known to vary depending
on its clinical pattern. In general, the diffuse alveolar damage
(DAD) pattern is poorly responsive to steroids, whereas steroid
therapy appears to be more effective in cases showing the orga-
nizing pneumonia (OP) pattern and somewhat less effective in
cases with the non-specific interstitial pneumonia (NSIP) or
hypersensitivity pneumonitis (HP) pattern (4). Therefore, in
actual clinical practice, both the treatment response of DLI and
the possibility of continuation of anticancer therapy in patients
developing DLI differ depending on the clinical pattern of the
DLI. If treatment resistance of DLI is expected, prompt and
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aggressive treatment is warranted; if the DLI is likely to be
mild, however, careful continuation of the current anticancer
treatment may be possible.

Cetuximab, an anti-EGFR monoclonal antibody, and
immune checkpoint inhibitors are often used in the treatment
of head and neck cancer (HNC), although not in the same
treatment line. Cetuximab is often used in combination with
cytotoxic anticancer drugs or radiotherapy, and there are
numerous reports of its efficacy in patients with HNC (5,6). On
the other hand, immune checkpoint inhibitors are widely used
as second- or further-line treatment (7). Immune checkpoint
inhibitor therapy has also been shown to be highly effective
when used in combination with cytotoxic anticancer agents
as first-line therapy (8). Meta-analyses have shown that the
incidence of lung injury is ~3% in patients receiving PD-1
inhibitor therapy (9,10), and that the development of DLI could
necessitate treatment discontinuation; the DLI associated with
ICI therapy frequently assumes a relatively less common, but
more severe form of DAD (11). The purpose of the present
study was to determine the incidence of DLI in HNC patients
treated receiving treatment with cetuximab and PD-1 inhibi-
tors. It also attempt to provide useful information for HNC
patients receiving chemotherapy by providing a clinical
classification of DLI.

Materials and methods

Patients. The present study performed a retrospective review
of the medical records of all patients with HNC who received
treatment with cetuximab and/or PD-1 inhibitors (nivolumab
or pembrolizumab) at Chiba University Hospital between
September 2014 and December 2020. The incidence and
clinical background characteristics of the patients who devel-
oped DLI were analyzed (age, sex, smoking history, primary
site, number of doses administered of the PD-1 inhibitor and
cetuximab, rate of combined use of cetuximab with paclitaxel,
rate of use of radiation therapy for the head and neck region
or the lungs).

Examination of drug-induced lung injury (DLI). DLI was
defined as any new lung lesion developing during or within
60 days after the last dose of treatment with a PD-1 inhibitor
and/or cetuximab; patients with other pulmonary diseases
(e.g., infection, pulmonary congestion) diagnosed based on
the medical records (clinical course, radiological findings,
laboratory findings, microbiological findings, etc.) were
excluded from this analysis (1). All the chest computed
tomographic (CT) images of the patients who were treated for
HNC with cetuximab and/or a PD-1 inhibitor were reviewed
independently by three pulmonologists (MA, SK and NS), and
interpreted by consensus among the three pulmonologists.
In the case of discrepancies, the three examiners reviewed
the images together to finalize the diagnosis by consensus.
Based on the 2013 ATS guideline, DLI was classified into the
following patterns according to the CT findings: DAD, NSIP,
OP, or HP (12).

Study design. The present study was a retrospective study
conducted to analyze the incidence of DLI and laboratory
findings in HNC patients who had received cetuximab and/or

PD-1 inhibitor therapy. Differences in the clinical characteris-
tics of the patients with and without DLI were also analyzed.
The present study was reviewed and approved by the insti-
tutional review board of graduate school of medicine, Chiba
University (approval number 3839). The study is registered
in the University Hospital Medical Information Network
(UMINO000046895).

Statistical analysis. Age of patients and number of adminis-
tration of drugs were presented as mean + SD (Tables I-III).
All analyses were performed using the statistical software
SPSS 26.0 (SPSS Inc.; IBM Corp.). One-way ANOVA and
Dunnett's test were used to compare the means of the three
groups. When equal variances were statistically confirmed,
unpaired Student's t-test was used to analyze the comparison
of the means of the two groups. When equal variances were
not statistically confirmed, Mann-Whitney U test was used.
In the analysis for contingency table, x* was used. When a
contingency table has an expected count <5 in =20% of the
cells, Fisher's exact test was used. For comparisons of propor-
tions of three or more groups, the Bonferroni correction
was performed after the Z-test. Univariate and multivariate
analyses were performed to identify factors associated
with the risk of DLI. Factors identified as being significant
by univariate analysis with P-values of less than 0.05 were
entered into the model for multivariate logistic regression
analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Frequency of occurrence of DLI. A total of 179 patients
with head and neck cancer received treatment with cetux-
imab and/or a PD-1 inhibitor at Chiba University Hospital
during the study period. The patients were divided into three
subgroups, as follows, and their outcomes compared: Patients
who had received sequential, not concurrent, treatment with
cetuximab and a PD-1 inhibitor (Group C+P; n=45); patients
who had received cetuximab, but not a PD-1 inhibitor (Group
C; n=101); and patients who had received a PD-1 inhibitor, but
not cetuximab (Group P; n=35; Table I). The medical condi-
tion was accurately assessed and standard medical treatment
was provided. Of the 20 patients with DLI, three were able to
continue treatment without withdrawal, seven required steroid
treatment and the remaining 10 showed improvement only
with withdrawal.

Of the 43 patients in Group C+P, one patient received
pembrolizumab and the remaining 42 received nivolumab. All
35 patients of Group P received nivolumab. The median age of
Group C+P was significantly lower compared with that of the
other two groups. Combined use of paclitaxel with cetuximab
was more frequent in Group C+P than in Group C. The rates of
occurrence of DLI in Group C+P, Group C, and Group P were
18.6, 7.9 and 11.4%, respectively.

The present study analyzed the background characteristics
of the patients in Group C+P (Table II). The frequency of the
pharynx as primary cancer site was lower and the number of
doses of cetuximab and PD-1 inhibitor administered were
higher in the patients who developed DLI than in those who
did not. There was no correlation between the frequency of



Table I. Clinical background characteristics of the patients.
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P-value, P-value, P-value,
among Group Group C Group P
Group C+P Group C Group P C+P, Group C, vs. Group vs. Group
Characteristic (N=43) (N=101) (N=35) and Group P C+P C+P
Mean + SD age, 60.9+9.6 68.249.1 68.0+9.2 <0.01* <0.01° <0.01°
years (range) (40-78) (42-84) (40-80)
Sex, male/female 38/5 82/19 31/4 n.s.c
Smoking, smoker/ 33/5/5 47/33/21 14/13/8 <0.05¢ <0.05¢ <0.05¢
ever smoked/
never smoked
Primary cancer 2/10/5/2/ 0/41/27/ 1/6/4/0/
site, nasopharynx/ 6/2/2/1/3/ 10/3/4/2/ 7111272/
oropharynx/ 1/1/8 2/2/0/2/8 4/1/0/7
hypopharynx/
larynx/tongue/
buccal mucosa/
maxillary sinus/
mandible/parotid
gland/tonsils/ear
canal/other
Primary cancer site, 17 68 11 <0.05¢ <0.05°¢ n.s.c
pharynx (39.5%) (67.3%) (31.4%)
Number of 11.8 n/a 7.1 0.04¢
administrations of (1-54) (1-23)
the PD-1 inhibitor,
mean (range)
Number of 16.6 79 n/a <0.01¢
administrations (1-78) (1-50)
of cetuximab,
mean (range)
Combined use of 24 3 n/a <0.01°
paclitaxel with (55.8%) 3.0%)
cetuximab
Head and neck 28 91 (88.6%) <0.05¢ <0.05¢ <0.05¢
lesion radiation (65.1%) (90.0%)
Lung radiation 3(7.0%) 0 (0%) 1 (2.9%) n.s.c
Incidence of 8 8 4 n.s.c
pneumonitis (18.6%) (7.9%) (11.4%)

Group C+P consisted of patients who received both cetuximab and a PD-1 inhibitor. Group C consisted of patients who received cetuximab,

but not a PD-1 inhibitor. Group P consisted of patients who received

a PD-1 inhibitor, but not cetuximab. *One-way ANOVA. "Dunnett's test.

Z-test with Bonferroni correction. ‘Unpaired Student's t-test. °Fisher's exact test.

DLI and the sequence of administration of cetuximab and
PD-1 inhibitor (Table III).

Patient factors associated with DLI. Univariate analysis
identified sequential cetuximab and PD-1 inhibitor therapy
as a predictor of the development of DLI, while use of radio-
therapy was associated with a reduced risk of DLI in the
patients with HNC. Multivariate analysis failed to identify
any factors as being significantly associated with the risk of
DLI (Table IV).

Clinical types of DLI and prognosis. The present study deter-
mined the clinical types of DLI according to the findings on
chest CT (Table V and Fig. 1). In Group C+P and Group C,
DAD was observed in two patients each. The cancer treat-
ment was discontinued in all four patients with pneumonia of
DAD, and two of them succumbed to pneumonia. By contrast,
the pattern of DLI in all the patients of Group P was OP. In
regard to the prognosis in patients with DLI, chemotherapy
was discontinued and best supportive care (BSC) initiated in
6 out of the 8 patients in Group C+P and all patients in Group
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Table II. Clinical background characteristics of the patients who received in whom both cetuximab and a PD-1 inhibitor.

Incidence of drug-induced lung injury

Statistical
Clinical characteristic (+) n=8 (-) n=35 significance
Mean + SD age, years 63.7+7.9 59.0+10.8 n.s.?
Sex, male/female 6/2 32/3 n.s.?
Primary cancer site, pharynx 1 (12.5%) 16 (45.7%) ns.b
Mean + SD number of administrations 19.1x£15.5 10.1+£10.1 P=0.047*
of the PD-1 inhibitor
Median number of administrations of 22.5 (9-78) 13.3+£10.611 (1-52) P=0.015°¢
cetuximab (range)
Combined use of paclitaxel with cetuximab 5 (62.5%) 19 (54.3%) n.s.?
PD-1 inhibitor administration prior to 3 (37.5%) 12 (34.3%) ns.b

cetuximab administration

“Unpaired Student's t-test, "Fisher's exact test, ‘Mann-Whitney U test.

Table III. Differences in the clinical background characteristics between patients who received cetuximab and a PD-1 inhibitor

in different orders.

PD-1 inhibitor administration
prior to cetuximab

Cetuximab administration
prior to PD-1 inhibitor

administration administration
Clinical characteristic n=15 n=28 P-value
Mean + SD age, years 61.0£11.6 60.9+8.6 ns?
Sex, male/female 13/2 25/3 n.s.b
Smoking, smoker/ever smoked/ 10/2/3 23/3/2 n.s.’
never smoked
Primary cancer site, pharynx 7 (46.7%) 10 (35.7%) ns.c
Mean = SD number of 10.8+10.2 12.3x12.5 n.s.’
administrations of the
PD-1 inhibitor
Mean = SD number of 14.6+18.3 17.7£14.9 n.s.t
administrations of cetuximab
Combined use of paclitaxel 13 (86.7%) 11 (39.3%) 0.004°
with cetuximab
Head and neck lesion radiation 9 (60.0%) 19 (67.9%) n.s.
Lung radiation 1(6.7%) 2 (7.1%) ns.t
Incidence of pneumonitis 3 (20.0%) 5(17.9%) ns.b
Distribution of the clinical 1/0/2/0 1/2/2/0 n.s.b

patterns of drug-induced lung
injury, diffuse alveolar damage/
non-specific interstitial
pneumonia/organizing
pneumonia/hypersensitivity
pneumonitis

“Unpaired Student's t-test, *Fisher's exact test, % test.

P. However, the cancer therapy could be continued despite the
development of DLI in ~50% of the patients of Group C. A
case of DLI in the C+P group, classified as DAD, is shown in
Fig. 2.

Discussion

In patients with HNC, a high incidence of DLI was observed
in patients who received sequential cetuximab and PD-1
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Table IV. Factors associated with the risk of drug-induced lung injury.

Univariate analysis Multivariate analysis

Risk factor OR (95%CI) P-value OR (95%CI) P-value
Aged >66 .4 years* 2.42 (0.62-9.45) 0.20
Male sex 0.82 (0.17-4.03) 0.81
Smoking
Smoker 0.74 (0.22-2.52) 0.63
Never-smoked 1.66 (0.42-6.61) 0.47
Primary cancer site, pharynx 0.17 (0.02-1.53) 0.11
Head and neck lesion radiation® 0.20 (0.06-0.71) 0.01 0.29 (0.08-1.10) 0.07
Sequential chemotherapy with 4.25(1.23-14.7) 0.02 2.99 (0.79-11.2) 0.11
cetuximab and PD-1 inhibitor®
Cetuximab-containing chemotherapy 2.53 (0.31-20.5) 0.38
without PD-1 inhibitor
PD-1 inhibitor-containing therapy 2.39 (0.67-8.48) 0.18
without cetuximab
Number of administrations of 3.64 (0.93-14.2) 0.06
cetuximab >7¢
Number of administrations of the 3.06 (0.88-10.6) 0.08
PD-1 inhibitor >5¢
“Mean age. "Possible confounding factors. ‘Median number of administration. OR, odds ratio; CI, confidence interval.
Table V. Clinical types and outcomes of DLI.
Group C+P Group C Group P
Clinical type and outcome n=§ n=8 n=4
Clinical classification, DAD/NSIP/OP/HP 2/2/4/0 2/0/5/1 0/0/4/0
After occurrence of DLI
Continuation of the anticancer treatment 0 (0%) 4 (50%) 0 (0%)
Best supportive care due to disease progression 1 (12.5%) 0 (0%) 2 (50%)
Best supportive care due to the development of DLI 5(62.5%) 3(37.5%) 2 (50%)
Start of new regimen 2 (25%) 1(12.5%) 0 (0%)

Group C+P consisted of patients who received both cetuximab and a PD-1 inhibitor. Group C consisted of patients who received cetuximab,
but not a PD-1 inhibitor. Group P consisted of patients who received a PD-1 inhibitor, but not cetuximab. DLI, drug-induced lung injury; DAD,
diffuse alveolar damage; NSIP, non-specific interstitial pneumonia; OP, organizing pneumonia; HP, hypersensitivity pneumonitis.

inhibitor therapy. A expert opinion of European Society for
Medical Oncology and a guideline of American Society of
Clinical Oncology also comment that DLI due to ICI is rare
but can be serious (13,14). DLI due to ICI should be widely
known to clinicians administering ICIs. The clearly higher
rate of DLI in patients receiving treatment with both an
immune checkpoint inhibitor and cetuximab as compared
with that in patients receiving cetuximab alone is a very
important finding clinically. Symptoms of lung injury vary,
but some typical symptoms include easy fatigability, shortness
of breath, dry cough, chest pain, fever and skin rash. (15,16).
In patients with DLI, it is not only important to investigate the
symptoms in detail, but also to examine the factors associated

with the development of the lung injury (e.g., history of radia-
tion therapy and concomitant autoimmune disease) (17). Just
as administration of osimertinib following ICI therapy has
been reported as being problematic in patients with non-small
cell lung cancer, the present study showed that it is important
to be aware of the high risk of DLI associated with sequen-
tial anti-EGFR antibody and ICI treatment, regardless of the
sequence in which the two drugs are administered, in patients
with HNC. Attention must also be paid to the previous drug use
history. There have been numerous reports of DLI in patients
treated with cetuximab alone and a PD-1 inhibitor alone. Until
now, evaluation of DLI has been conducted mostly in relation
to the use of any drug used alone. In recent years, however,
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Figure 1. Number of patients with drug-induced lung injury and their clinical
types. Group C+P consisted of patients who received both cetuximab and
a PD-1 inhibitor. Group C consisted of patients who received cetuximab,
but not a PD-1 inhibitor. Group P consisted of patients who received a PD-1
inhibitor, but not cetuximab. HP (dotted bar), hypersensitivity pneumonitis;
OP (white bars), organizing pneumonia; NSIP (gray bars), non-specific inter-
stitial pneumonia; DAD (black bars), diffuse alveolar damage.

combinations of drugs with different mechanisms of action
(cytotoxic anticancer drugs, molecular targeted therapies and
immune checkpoint inhibitors) have come to be widely used,
including as first-line therapies. Use of drug combinations, even
as first-line therapy, has become rather common for patients
HNC (8). Therefore, DLI caused by combined use of drugs also
needs to be properly evaluated. As demonstrated in the present
study, use of drug combinations even sequentially, rather than
simultaneously, can increase the risk of lung injury, although
this increase in risk was not shown to be statistically signifi-
cant. The incidence of DLI in Group C+P (18.6%) appeared to
be the result of occurrence of DLI with either a PD-1 inhibitor
or cetuximab used alone (Group C, 7.9%; Group P, 11.4%). It
was hypothesized that the additive number of the incidence of
DLI in Group C and P might be observed in Group C+P. As
shown in Table II, a significantly higher cumulative dose of
each drug had been administered in cases of Group C+P that
developed DLI. This may simply indicate that the probability
of DLI increases as the number of doses administered of a
drug increases. Although there was a significant difference in
the mean number of doses, as shown in Table II, the number of
cetuximab doses administered in the DLI group varied in the
range of 9-78 (1-52 in the non-DLI group) and the number of
PD-1 inhibitor doses administered varied in the range of 3-42
(2-54 in the non-DLI group). These ranges were so broad that
it was difficult to determine a safe threshold for the number
of doses for either drug. In the analyses to identify significant
factors, the number of doses administered of either drug was
not extracted as a significant factor, whereas sequential use of
the two drugs was.

Therefore, in patients with HNC, it is important to pay closer
attention to the risk of development of DLI as the number of
doses administered of cetuximab or an ICI increase, especially
in patients with a previous history of use of either drug. In the
present study, pharynx as the primary site of the HNC was less
frequent in patients who developed DLI. By contrast, in Group
C, in which the incidence of DLI was low, pharyngeal cancer
was so common that it accounted for 60% of all the cases. A

Figure 2. CT image in a patient with drug-induced lung injury. (A) Image at
the onset of Pneumonitis. Pneumonitis with DAD pattern in a 58-year-old man
demonstrated diffuse ground-glass and consolidation after receiving 8 doses
of nivolumab and then 13 doses of cetuximab. Steroid treatment brought him
lull, but further anticancer drug treatment could not be continued. (B) Image
taken 4 months before the onset of pneumonitis showed no evidence of pneu-
monia. CT, compute tomography; DAD, diffuse alveolar damage.

possible reason for the low DLI in the pharyngeal cancer cases
might be the high number of pharyngeal cancers in the Group
C cases with low DLI. It is valuable to perform CT at defined
intervals to assess patients for the development of pneumonia.
However, the present study was a retrospective study and there
was no fixed interval between the CT examinations. In the
future, evaluation of DLI by CT performed at fixed intervals
would be desirable.

Of the patients included in the present study, there were
20 cases of DLI. In 50% of these cases (10 cases), the devel-
opment of DLI necessitated discontinuation of the anticancer
treatment and initiation of BSC. It is difficult to determine if
the development of DLI might directly worsen the survival
prognosis in patients with advanced cancer, because the
survival prognosis is influenced by a variety of factors. In
fact, the estimated mean survival durations from the date of
completion of the latter of the PD-1 inhibitor and cetuximab
treatment were 572+128 and 843+135 days in patients with and
without DLI, respectively and this difference was not statisti-
cally significant (P=0.692, log-rank test). However, most cases
of DLI required a change of treatment and >50% of the cases
could receive only BSC with only a few patients able receive
another new treatment (Table V). Therefore, the influence of
the development of DLI on the survival prognosis and quality
of life of patients with advanced cancer is undeniable. Next,
the present study attempted to analyze the factors associated
with the development of DLI in the patients, but unfortunately,
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it was unable to identify any significant factors associated
with the risk of DLI. The number of HNC patients in Group
C+P who received radiation therapy was significantly lower
compared with that in the other two groups (28/43 vs. 122/136;
P<0.01; * test). Based on the foregoing, radiation to HNC and
sequential chemotherapy with cetuximab and PD-1 inhibitor
are likely to be confounding factors. It is also noteworthy that
the prognosis of the patients differed according to the clinical
pattern of DLI. A total of 20% of patients who received both
cetuximab and a PD-1 inhibitor, as well as those who used
cetuximab, developed the DAD pattern of DLI. It is possible
that cetuximab use was strongly associated with DAD, but there
have been no reports to date of cetuximab being profoundly
associated with DAD. However, there have been reports
of a poor association between ICI and DAD (18,19). It was
hypothesized that this might be due to the weak association
between ICI use alone and DAD, as previously reported, which
is only an estimation and not supported by statistical analysis.
DAD is considered as being associated with a poor prognosis.
In fact, all four patients who developed DAD required treat-
ment discontinuation and two of the patients succumbed as
a direct result of DLI. Therefore, the risk of development of
DLI should be clearly understood in HNC patients receiving
therapy with both a PD-1 inhibitor and cetuximab. However,
in the cases with the OP pattern of DLI, treatment discontinu-
ation was necessitated in only 30.7% (4/13) of patients and in
46.2% (6/13) of patients, the treatment could be completed
or the next line of treatment could be started. In all the four
patients of Group C in whom discontinuation of the anticancer
treatment was necessitated, the common terminology criteria
for adverse events grade of DLI was 1, with no associated
clinical symptoms. These findings are consistent with previous
reports of the usefulness of clinical classification of DLI for
determining a patients' prognosis and subsequent course of
treatment (20,21).

Consistent with the findings of the present study,
Matsuo et al (22) also reported a high incidence of DLI
among patients who were treated with cetuximab and a
PD-1 inhibitor. Especially, DLI occurred more frequently in
patients who received PD-1 inhibitor monotherapy followed
by cetuximab-containing chemotherapy than in patients who
received other regimens. As mentioned earlier, in the case
of sequential administration of osimertinib and an ICI, the
sequence of administration was critical for determining the
risk of development of drug-induced lung damage. The present
study, on the other hand, found that the sequence in which
the PD-1 inhibitor and cetuximab were administered had no
influence on the frequency of DLI; this could be because the
number of cases was too small.

The present study reviewed the CT images of all the cases
retrospectively and found that in numerous cases of cetuximab
use without a PD-1 inhibitor, the evidence of DLI visualized
on the CT images was not considered as a clinically significant
problem and treatment was continued, in some cases, without
the CT findings of DLI having been detected at all. Therefore,
it may be difficult to evaluate the exact frequency of occur-
rence and the influence of the sequence of administration of
the culprit drugs by examining only those cases in which the
treatment was interrupted or terminated due to the obvious
development of lung injury.
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It is not uncommon for dysphagia to occur during or
following treatment in patients with cancer in the head and
neck region (23,24). Dysphagia leads to undernutrition, weight
loss and prolonged unnatural food intake (tube feeding) and is
amajor risk factor for aspiration. Therefore, it is very important
to clearly distinguish between DLI and aspiration pneumonia
in these patients in order to provide appropriate treatment.

The present study had some limitations. It was a
single-center study, which could have introduced bias in
relation to the patient backgrounds. In particular, cetuximab
is used more often in combination with radiotherapy. The
combination of cetuximab and radiotherapy is now less
commonly used because of its limited efficacy (25). Second,
CT evaluations were not performed at defined intervals, but
rather at the discretion of the attending physician, which may
have resulted in asymptomatic lung damage having been
overlooked. However, CT examinations are usually performed
and evaluated once every ~6 months during follow-up after
treatment and during treatment the intervals are even shorter,
so that the lack of a defined interval between CT examinations
may have had little impact on the detection rate of DLI. Third,
the present study did not perform bronchoalveolar lavage fluid
examination to diagnose DLI. Although it is known to be
useful in differentiating aspiration pneumonia from bacterial
pneumonia (26), it was difficult to aggressively perform these
tests in advanced cancer patients who were not necessarily in a
conducive physical condition. The present study showed a high
prevalence of DLI associated with sequential use of anti-EGFR
antibodies and ICIs, but it may have limited clinical impact, as
this drug combination has so far been used only for a limited
number of types of cancer. In view of future expansion of the
indications of ICI therapy, it is suggested that the finding of the
present study serves as potentially important information for
the treatment of types of cancer of other organs in the future.
In fact, both anti-EGFR antibodies and ICIs have already
been used in micro satellite instability-high or tumor muta-
tion burden-high cases of colorectal cancer. In addition, the
mean age was statistically significantly lower in Group C+P
(P<0.01; unpaired t-test) in Table I, although the reason was
unclear. It was hypothesized that the C+P group would tend
to be younger because it is a group of cases that can tolerate
multiple treatments. That is, cases with good general health
and few complications can tolerate multiple treatments. On the
other hand, older patients are presumed to have more compli-
cations, making it difficult for them to progress to second- and
third-line treatment, although there were no results that were
accompanied by statistically significant differences. To prove
this hypothesis, it is necessary to unify attending physician
judgment in selecting regimens that include cetuximab and
nivolumab. This is an important issue for future studies.

There are a number of reports on the occurrence of DLI
with single agents (13,27). Furthermore, as multiple drugs are
increasingly used in combination, there are more reports on the
occurrence of DLI in such cases (28-30). However, DLI with
anticancer drugs used at different times rather than simultane-
ously has not yet been adequately studied. A report of DLI
with osimertinib and ICI (2), as noted, indicates that future
attention should be paid to DLI with cetuximab and an ICI as
well. Matsuo et al (22) reported similar results; in addition, the
present study classified clinical types of DLI and showed its
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frequency of occurrence and the effect on prognosis or treat-
ment strategy. This will be useful for patient management.
Unfortunately, the present study was unable to find differences
in the frequency of DLI occurrence due to differences in the
order of drug administration. It is hoped that the accumulation
of cases will clarify this issue. In conclusion, DLI is relatively
more common in patients who receive sequential therapy with
cetuximab and a PD-1 inhibitor. Furthermore, DLI in these
patients often assumes a serious pattern (DAD). The sequence
in which the two classes of drugs were administered seemed to
have no influence on the risk of DLI according to the analysis
in the present study. Further accumulation of cases is required.
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