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Abstract

Background

Immune checkpoint inhibitors (ICIs) are associated with immune-related adverse events

(irAEs) specific to the immunity-boosting activity of the drugs and may necessitate discontin-

uation of treatment depending on their severity. IrAEs may be difficult to diagnose in their

early stages as they can occur in any organ. The present, prospective, observational study

is the first to attempt to assess the utility of periodic medical questionnaires and laboratory,

radiological, and physiological examinations in diagnosing irAEs.

Methods

We analyzed 51 patients who received immunotherapy for metastatic renal or urothelial car-

cinoma at Tokyo Metropolitan Tama Medical Center between 2016 and 2020. A medical

questionnaire consisting of 41 questions and laboratory tests were administered to the

patients on the day of each ICI administration and 1 week afterwards. A significant complaint

was defined as a complaint not addressed in the questionnaire immediately prior to the first

ICI administration.

Results

Fifty-one patients with metastatic renal or urothelial carcinoma were enrolled. The mean age

was 72.1 years (range: 54–88 years). The male: female ratio was 32: 19. Of the total cohort, 26

(51%) patients had renal carcinoma, and 25 (49%) had urothelial carcinoma. The median fol-

low-up time was 2.6 (range: 0.4–40.7) months. Thirty-three patients (65%) experienced irAEs.

Conclusions

In our cohort, periodic medical questionnaires and examinations were effective for early

diagnosis and prompt treatment of irAEs. Although periodic examinations led to a high irAE
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diagnosis rate, the attendant medical cost was high. Further study is needed to find ways of

addressing this issue.

Introduction

Immune checkpoint inhibitors (ICIs) are effective in treating several types of cancer [1–13].

However, despite their efficacy, they are associated with immune-related adverse events

(irAEs), which are specific to the immunity-booting effects of ICIs. Depending on their sever-

ity, irAEs may require discontinuation of ICI therapy [14].

IrAEs may have dermatological [15], musculoskeletal [16], endocrinological [17], gastroin-

testinal [18], renal [19], cardiac [20] or pulmonary [21] manifestations and may be difficult to

diagnose in their early stages as they can occur in any organ. Most patients are asymptomatic

or have indefinite complaints while others may have carcinoma-like symptoms. Numerous

cases of severe irAE and related fatalities have previously been reported. In these reports, the

protocol used to evaluate the irAEs was unclear, but the severity of the patients’ symptoms

prompted exhaustive investigation. Periodic medical questionnaires and examinations can

provide a reliable method of mitigating irAEs by enabling prompt diagnosis and uniform

treatment. They may also have the added benefit of providing accurate information about

irAE incidence.

The present, prospective, observational study is the first to attempt to assess the utility of

periodic medical questionnaires and laboratory, radiological, and physiological examinations

in diagnosing irAEs.

Materials and methods

Patients

The present, prospective, observational study was conducted at Tokyo Metropolitan Tama

Medical Center between 2016 and 2020. Fifty-one patients receiving immunotherapy for meta-

static renal or urothelial carcinoma were enrolled. This study was approved by the ethical

review board of Tokyo Metropolitan Tama Medical Center (30–135) and was conducted in

accordance with the principles of the Declaration of Helsinki and the Good Clinical Practice

Guidelines. Informed consent was obtained from all the participants.

Medical questionnaire

Figs 1 and 2 show the medical questionnaire consisting of 41 questions and a reference chart

corresponding to each question, respectively. These questions were formulated by referring to

reports of irAEs in the Checkmate 025 clinical trial [4]. The questionnaire was administered

before the first ICI administration, on the day an ICI was administered, and 1 week later. The

pre-ICI responses were used as the baseline against which the responses to the other 2 ques-

tionnaires were compared. A significant complaint was defined as a complaint not reported on

the first questionnaire. Analysis of the irAEs was facilitated by using a reference chart of irAEs

based on the items on the questionnaire (Fig 2).

Examinations

As with the questionnaire, physiological and laboratory examinations were performed every-

day an ICI was administered and 1 week later. Table 1 shows the examination details. A chest

Xray and echocardiography was performed monthly and every 3 months, respectively.
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Fig 1. Medical questionnaire.

https://doi.org/10.1371/journal.pone.0274451.g001
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Fig 2. Reference chart corresponding to each question.

https://doi.org/10.1371/journal.pone.0274451.g002
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Results

Patient characteristics

Table 2 summarizes the characteristics of the patients receiving ICI therapy. Fifty-one patients

with metastatic renal or urothelial carcinoma were enrolled. Their mean age was 72.1 years

(range: 54–88 years). The male-to-female ratio was 32: 19. Of the total, 26 (51%) patients had

renal carcinoma, and 25 (49%) had urothelial carcinoma (bladder carcinoma: 13; upper uri-

nary carcinoma: 12). The median follow-up time was 2.6 (range: 0.4–40.7) months.

Table 1. Examination details.

Before immunotherapy

CBC・Blood picture・AST・ALT・T-Bil・LDH・γGTP・TP・Alb

UN・Cre・UA・Na・K・Cl・Ca・CK

TSH・FT3・FT4・ACTH・Cortisol

Anti-thyroglobulin Abs・Anti-TPO Abs

KL-6・SP-D

BS・HbA1C

ANA・IgG・IgA・IgM・IgE

Anti-Ach-R Abs

HBs・HBc・HCV

PT・APTT・D-dimer NT-proBNP

Urine test

Two preserved serum samples

During immunotherapy (every month)

CBC・Blood picture・AST・ALT・T-Bil・LDH・γGTP・TP・Alb

UN・Cre・UA・Na・K・Cl・Ca・CK

TSH・FT3・FT4・ACTH・Cortisol

KL-6 NT-proBNP

BS

Urine test

https://doi.org/10.1371/journal.pone.0274451.t001

Table 2. Patient characteristics.

Renal Cell Carcinoma Urothelial Carcinoma All Patients

Nivolumab (20) Nivolumab Pembrolizumab (25) (51)

+Ipilimumab (6)

Age Average 72.8 72.4 71.8 72.1

Range 56–88 56–83 54–83 54–88

Sex Male 11 (55%) 1 (17%) 19 (76%) 31 (61%)

Female 9 (45%) 5 (83%) 6 (24%) 20 (39%)

ECOG PS 0 19 (95%) 6 (100%) 25 (100%) 50 (98%)

1 1 (5%) 0 (0%) 0 (0%) 1 (2%)

Clinical Response CR 2 (10%) 0 (0%) 4 (16%) 6 (12%)

PR 2 (10%) 2 (33%) 5 (20%) 9 (18%)

SD 7 (35%) 2 (33%) 4 (16%) 13 (25%)

PD 9 (45%) 2 (33%) 11 (48%) 23 (45%)

ECOG PS: Eastern Cooperative Oncology Group Performance Status.

https://doi.org/10.1371/journal.pone.0274451.t002

PLOS ONE Management of immune-related adverse events

PLOS ONE | https://doi.org/10.1371/journal.pone.0274451 September 29, 2022 5 / 11

https://doi.org/10.1371/journal.pone.0274451.t001
https://doi.org/10.1371/journal.pone.0274451.t002
https://doi.org/10.1371/journal.pone.0274451


Immune-related adverse events

Thirty-three patients (65%) experienced an irAE (Table 3). Table 4 shows the details of the

irAEs. Three and eleven patients experienced 3 and 2 irAEs, respectively. In total, 50 irAEs

were observed; in 2 patients they were Grade 1, in 20 patients they were Grade 2, and in 1

patient they were Grade 3. Whenever an abnormality was detected via periodic administration

Table 3. Immune-related adverse events.

Immune-related adverse event Number of patients

Interstitial pneumonitis 5

Colitis 6

Hepatitis 10

Cholangitis 1

Type 1 diabetes mellitus 1

Thyroid dysfunction 2

Isolated ACTH deficiency 3

Dermatitis 12

Arthritis 1

Eosinophilia 7

https://doi.org/10.1371/journal.pone.0274451.t003

Table 4. Details of immune-related adverse events.

Renal Cell Carcinoma Urothelial Carcinoma

Nivolumab Nivolumab+Ipilimumab Pembrolizumab

Interstitial Pneumonitis

Grade 2 3 2

Colitis

Grade 2 1 4

Grade 3 1

Hepatitis

Grade 1 4 2 2

Grade 2 2

Cholangitis

Grade 2 1

Type 1 Diabetes Mellitus

Grade 2 1

Thyroid Dysfunction

Grade 2 1

Isolated ACTH Deficiency

Grade 2 2 1

Dermatitis

Grade 1 5 3 5

Arthritis

Grade 2 1

Eosinophilia

Grade 1 1 2 4

Grade 2 1

Cardiomyopathy

Grade 1 1

https://doi.org/10.1371/journal.pone.0274451.t004
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of the questionnaire and targeted examinations, more detailed testing was conducted. As a

result, almost all irAEs were able to be detected before exceeding Grade 2 severity. There was

only 1 case of colitis with Grade 3 diarrhea. Thus, the periodic administration of the medical

questionnaire and targeted examinations were useful for detecting irAEs at an early stage and

allowing prompt treatment.

Medical questionnaire

The medical questionnaire was administered 1008 times. Table 5 summarizes complaints fol-

lowing treatment with ICIs. No difference in the distribution of the complaints was found

among patients receiving nivolumab, pembrolizumab or ipilimumab. The most frequent com-

plaint was fatigue (14 / 51 or 27%). However, this complaint was not an irAE but a symptom

of the cancer. Diarrhea, arthralgia, and itching raised the index of suspicion for colitis, arthri-

tis, and dermatitis, respectively. In 6 patients with diarrhea, all underwent computed tomogra-

phy and colonoscopy, received the diagnosis of colitis, and were started on oral prednisolone.

Arthralgia developed in 1 patient. Although a serological examination returned negative for

anti-CCP antibody and rheumatoid factor, joint ultrasonography detected joint effusion, syno-

vial thickness, and power doppler signal (Fig 3). Based on these findings, the patient received a

diagnosis of arthritis and started infliximab, methotrexate, and oral prednisolone therapy.

Thirteen patients with pruritis received a diagnosis of dermatitis and started steroid ointment

therapy. As can be seen, periodic medical questionnaires can play an important role in diag-

nosing colitis, arthritis, and dermatitis.

Laboratory examination

Laboratory examinations led to the diagnosis of autoimmune cholangitis, hypothyroidism dia-

betes mellitus type-1, and isolated adrenocorticotropic hormone (ACTH) deficiency. The

patients in whom irAE was diagnosed based on the laboratory examination findings did not

experience any of the symptoms associated with the irAEs listed on the medical questionnaire.

Prompt follow-up testing on the occurrence of an abnormal finding enabled early diagnosis

and timely treatment before symptom development in all the affected individuals.

Radiological examination

Radiological examination revealed interstitial pneumonitis in 5 patients who did not report

any dyspnea-related symptoms on the questionnaire. Oximetry also failed to detect hypox-

emia. Based only on the radiological findings, all these patients were successfully treated with

oral corticosteroid (1 mg/kg/day), which was tapered as the pulmonary lesions improved.

Table 5. Association between complaints and immune-related adverse events.

Systems Number of Patients with

Complaints

Number of Patients with irAE Diagnosis Based on

Complaints

Respiratory 2 0

Neurological 8 0

Digestive 7 7

Endocrine 14 0

Cutaneous 12 12

Ocular 3 0

Musculoskeletal 3 1

Hematological 1 0

https://doi.org/10.1371/journal.pone.0274451.t005
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Physiological examination

In 1 patient, periodic echocardiography was able to detect a gradual ejection fraction which

decreased by 30% over 3 months. Further investigation revealed cardiomyopathy. The patient

was successfully treated with oral corticosteroid (1 mg/kg/day), which was tapered as the

symptoms improved.

Discussion

Periodic screening was able to detect some cases of irAE while the questionnaire and targeted

examinations provided clues to detecting other types of irAE. Thanks to the periodic adminis-

tration of the questionnaire and the examinations, the irAEs were able to be detected at an

early stage. Routine laboratory, radiological, and physiological examinations were particularly

useful in detecting irAEs in asymptomatic patients. These results indicated that periodic exam-

inations have the potential to detect irAEs before they reach the severe stage. In fact, the actual

frequency of irAEs was higher in our cohort than in previous reports.

Periodic administration of questionnaires and examinations offers various advantages.

However, each is useful for detecting different types of irAE. The questionnaire was effective

in detecting irAEs with characteristics unlike those of sporadic diseases. Only the medical

questionnaire was useful for detecting irAEs of this type because these patients never have lab-

oratory examinations findings typical of sporadic diseases. On the other hand, the periodic

Fig 3. Musculoskeletal ultrasound images of the patient with polyarthritis induced by immuno-checkpoint

inhibitors. A. Transverse imaging over the bicipital groove of the right humerus shows tenosynovitis of the long head

of the biceps brachii (arrows) with moderate effusion and synovial hypertrophy within the tendon sheath. B.

Transverse imaging over the right humeral lesser tuberosity shows prominent power Doppler signals extending from

beneath the coracoid process over the subscapularis. The subdeltoid bursitis (arrowheads) and the swelling of the long

head of the biceps brachii within the rotator interval (asterisk) can be seen. C. Sagittal imaging over the right dorsal

wrist shows synovial hypertrophy at the dorsal recesses of the radiocarpal and midcarpal joints (black arrows).

Tendinitis surrounding the extensor tendon can be seen (arrows). D. Sagittal imaging of the anterior knee shows

hypoechoic to isoechoic synovial hypertrophy within the suprapatellar recess (arrows). H, humeral head; S,

subscapularis; C, coracoid process; Sc. Scaphoid; L, lunate; F, femur; P, patella; Q, quadriceps tendon.

https://doi.org/10.1371/journal.pone.0274451.g003
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examinations were effective in detecting irAEs similar to the symptoms of sporadic diseases,

thus enabling their treatment before symptom onset.

In the present cohort, the questionnaire was able to diagnose inflammatory arthritis in 1

female patient. Her serological examination was negative for rheumatoid factor (RF) and

anticyclic citrullinated peptide (CCP) antibody, and she had the same titer of antinuclear anti-

bodies (ANA) as before immunotherapy. Cappelli et al. reported 13 patients with inflamma-

tory arthritis caused by immunotherapy [22], all of whom were negative for RF and CCP.

ANA was positive in 3 patients, of whom only 1 had a high titer. Changes in ANA before and

after immunotherapy were unknown in these 3 patients. Their report suggested that auto-anti-

bodies were not useful for diagnosing inflammatory arthritis. On the other hand, imaging

studies, such as ultrasonography or magnetic resonance imaging, are useful for diagnosing

arthritis.

Another advantage of the periodic questionnaire was its educational value both for the

patients and medical staff. Some of the patients called to report complaints that they had previ-

ously seen on the questionnaire, such as diarrhea, joint pain, and skin rash, which can provide

some insurance against inexperienced residents or nurses omitting to ask about such com-

plaints in an interview. Educating the patients and the medical staff may thus lead to earlier

detection and treatment of irAEs.

Periodic examinations were also very effective in detecting irAEs at an early stage. In our

cohort, all irAEs detected in a periodic examination were in their early stages before symptom

onset. In the present study, ACTH deficiency was diagnosed in a patient on the basis of the

findings of a periodic examination. The diagnosis of isolated ACTH deficiency is usually chal-

lenging; as a result, the disease develops insidiously until it causes hypoadrenalism, which in

turn can lead to hypoglycemia, hypotension or hyponatremia and become fatal without treat-

ment [23]. The incidence of irAEs associated with the pituitary gland was higher in patients

receiving anti-CTLA-4 antibodies than anti-PD-1 antibodies. Several retrospective studies

reported a low incidence of pituitary-related irAEs, which had a frequency of 0.5–1.6% and

2.7–5.2% after anti-PD-1 antibody and anti-CTLA-4 antibody therapy, respectively [24,25].

The present, prospective study found the frequency of pituitary-related irAEs to be 6.7% and

0% after monotherapy with anti-PD-1 antibody and anti-CTLA-4 antibody, respectively. The

incidence was similar to that reported in a previous, prospective study (9.1%) [21]. Periodic

endocrine evaluations were performed as in the previous study although they differed in 2,

salient respects, which may have the potential to provide new information. First, endocrine

tests were performed more frequently (monthly) in the present study, thereby allowing earlier

detection of pituitary-related irAEs. Second, the questionnaire was used to ensure that symp-

toms, including irAEs, were not overlooked and to determine whether a given symptom was

present at the onset of the pituitary-related irAEs.

Periodic examinations have the disadvantage of being costly to perform. Frequent examina-

tions can unnecessarily increase the financial burden on the patients and healthcare system.

Although they tend to improve the diagnosis rate by detecting asymptomatic irAEs, the latter

may not require treatment. Treatments prescribed on the basis of such findings also may con-

tribute to increasing medical costs unnecessarily.

The present study has a limitation. The study included a widely varied patient population

from a single japanese institution and the total number of patients analyzed was relatively small.

Conclusion

In the present cohort, periodic administration of a questionnaire and target examinations pro-

vided various advantages in detecting irAEs. Both were useful for early diagnosis and prompt
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treatment. However, the high diagnosis rate inflated medical costs. Further research is neces-

sary to find the optimal balance of diagnosis and treatment-related costs.
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