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Supplementary methods, tables and figures
Thyroid dysfunction after PD-1 inhibitor therapy: selection into post-treatment monitoring and thyroid-axis trajectories in a single-centre real-world cohort study
The primary analysis uses 240 monitored patients from a 627-patient target population with 365-day administrative opportunity. The separate 273-patient broader monitored cohort contributes 34 events by Day 365 and 35 during all follow-up. Post hoc sensitivity analyses and monitoring summaries are presented below.
Supplementary methods
Baseline and monitoring windows
The baseline window was Days −90 to 0 by laboratory report date. A TSH and FT4 pair required the same patient and identical report timestamp. Baseline status was assigned from the most recent qualifying pre-infusion pair in that window, and both values had to be within the institutional reference ranges. The source field was report-release time and the drug-start field was actual administration. Day 0 reports were eligible only after investigator verification that specimen collection preceded the first infusion; analytes in a same-day panel were likewise confirmed to share the collection time. Individual specimen-collection timestamps were not present in the analytical export, so Day 0 eligibility was not based on a reproducible exported timestamp rule. Report release after infusion did not by itself indicate post-treatment collection. All ICI Day 0 records are excluded from post-treatment laboratory windows. A separate sensitivity analysis excludes Day 0 baseline reports and applies the same most-recent-pair rule on Days −90 to −1. The primary monitoring indicator is at least one numerical TSH retest on Days 1–365, matching the selection model. Among 245 target patients with any post-treatment retest, five first retested after Day 365. One of the remaining 240 had TSH-only monitoring; a paired TSH/FT4 sensitivity analysis excludes that patient.
Laboratory methods and antibody coding
Thyroid-function tests used electrochemiluminescence immunoassay. TgAb/TPOAb/TRAb were routinely ordered as part of clinical care and measured using Roche electrochemiluminescence immunoassay on a Cobas platform; testing was not study-mandated or governed by a protocol-based systematic screening schedule. Reference intervals were TSH 0.75–5.60 mIU/L, FT4 12.8–21.3 pmol/L, FT3 3.85–6.30 pmol/L, TgAb 0–115 IU/mL, TPOAb 0–34 IU/mL and TRAb 0–1.75 IU/L. Positivity required TgAb >115 or TPOAb >34 IU/mL; values equal to the upper boundary were not positive. Any positive result in the baseline window defined positivity. If at least one was measured and all measured values were non-positive, the extraction assigned negative status; neither measured was not tested. All antibody-tested patients in both the 627-patient target and 240-patient monitored cohort had both TgAb and TPOAb recorded in the baseline window, so no single-antibody negative assignment occurred. Routine clinical ordering did not imply complete results or uniform subsequent thyroid surveillance.
Clinical adjudication and evidence hierarchy
Clinical review involved investigator assessment followed by final endocrinologist adjudication. The 35 confirmed events and one unconfirmed candidate were retained; laboratory evidence and timing were audited without automated reclassification. Only a sample of 20 screening-negative patients had chart review, with no missed study-defined event in that sample; this is not an independent diagnostic-accuracy validation. Same-report biochemical definitions, repeat results and available medication, illness and prior-treatment information were reviewed. For adjudicated primary hypothyroidism, clinical acceptance required fulfilment of the same-report biochemical definition and no available record of a prespecified exclusion, including pre-existing thyroid/pituitary disease or a clearly discordant or central-axis pattern. TKI/corticosteroid exposure and systemic illness were contextual evidence and did not by themselves establish causation or automatically exclude a biochemically qualifying event. Record-level coding does not substitute for a documented clinical alternative-cause assessment. Adjudicators could see baseline TgAb/TPOAb and were not blinded. Antibody positivity was not used as supporting evidence or a classification criterion. Awareness of the result could nevertheless introduce classification bias.
Event time and later supporting observations
The first qualifying biochemical report defines the event date. Later observations, including those after Day 365, could inform support or subtype without shifting the event date. Thyroiditis requires at least one thyrotoxic-to-hypothyroid report pair separated by 7–168 elapsed days; a still-earlier thyrotoxic report can be the first event. In one primary trajectory, the first thyrotoxic-to-hypothyroid span was 197 calendar days, but an intervening thyrotoxic report formed the qualifying 7–168-day pair; all qualifying report values and exact elapsed intervals are provided in Table S13B. All six primary trajectories had qualifying hypothyroid reports by Day 365; none required a post-Day-365 phase transition. Both supported TSH >10 cases had their repeat support within the first year. The two FT4 values were normal, not elevated: 14.61 and 13.64 pmol/L. Initial TSH values 11.63 and 10.08 mIU/L were followed by TSH 8.92 after 21 days and 5.64 after 42 days. Repeat TSH >5.60, not necessarily >10, was the support criterion. The four primary thyrotoxicosis cases without a recorded subsequent hypothyroid phase included two without subsequent thyroid testing; absence of a recorded phase is not evidence that it did not occur.
Alternative explanations and missing observation
TKI and corticosteroid records within ±14 days and systemic-illness laboratory data within ±3 days were contextual evidence. A ±14-day record may occur after an event and does not establish a preceding cause or treatment indication. Prior thyroid/pituitary disease, thyroid medication and surgical records were part of baseline screening. Discordant TSH/FT4 results and nonspecific low-T3 or central-axis patterns were not automatically attributed to PD-1 treatment. Mortality information was derived exclusively from institutional records, without external follow-up or death-registry linkage. Death-status/date fields therefore identified recorded deaths only. A blank death field cannot establish survival. No-recorded-event status does not establish an event-free year, including among patients with recorded deaths.
Exploratory hypothesis family
BH adjustment uses ten univariable coefficient P values from eight variables: age, female versus male sex, BMI, baseline TSH, baseline FT4, antibody positive versus negative, digestive/HBP versus lung/thoracic, urologic/gynecologic versus lung/thoracic, HN/skin/other rare versus lung/thoracic, and baseline TKI record yes versus no. The tumour variable contributes three category comparisons, not one global test. Firth sensitivity tests and TSH functional-form comparisons are outside this family. The limited-adjustment model has five variables and seven slope parameters; no outcome-driven selection or prediction model was fitted. Baseline TKI is the first visible TKI record on or before first ICI, without reliable confirmation that treatment remained active.
IPW target assumptions and formula
Let R indicate a qualifying retest on Days 1–365, X the baseline covariates, and Yobs a recorded study-defined event among monitored patients. A logistic model estimates pi(X)=P(R=1|X). The stabilized weight for a monitored patient is w=P(R=1)/pi(X), and the weighted proportion is sum(w*Yobs)/sum(w). The target is covariate standardization of recorded-event detection to the measured baseline distribution of eligible patients with administrative opportunity, not complete ascertainment of underlying thyroid dysfunction. Identifying this standardized detection target requires conditional outcome comparability, positive monitoring probabilities and adequate model specification. Weighting entry into monitoring cannot correct subsequent test frequency, cessation or missed events. The 1st/99th-percentile procedure caps weights at the monitored-sample cutpoints; it does not remove observations.
IPW missing covariates and uncertainty
The main selection model includes categorical first-ICI year, age, sex, BMI, merged tumour group, baseline TSH, baseline FT4 and antibody status (negative, positive, not tested). In the 627-patient target there were 570 negative, 48 positive and nine untested patients. Monitored counts were 215, 24 and one; unmonitored counts were 355, 24 and eight. Missing antibodies were not recoded as negative. Nine BMI values were median-imputed using nonmissing target values. The BMI-missingness indicator was not fitted but was separately assessed for balance; all nine were unmonitored, limiting support. Bootstrap resamples 627 patients with replacement, repeats BMI median imputation and scaling, refits selection, recomputes the monitoring fraction and weight cap points, and estimates the weighted mean. The main analysis used 2,000 replicates, seed 20260917, with all successful and no fitting-warning replicates. In general a nonconverged, rank-deficient or invalid-probability replicate is marked unsuccessful; at least 95% success is required. CIs use the 2.5th/97.5th percentiles. SMDs compare the weighted monitored cohort with the full target, with BMI missingness reported separately. The BMI-observed sensitivity changes the target to 618 patients.
Scenario and trajectory analyses
Scenario multipliers 0, 0.5, 1, 1.5 and 2 apply to the 387 patients without a qualifying first-year test. They are assumed values, not estimates of their outcomes; the transformed CIs do not include uncertainty in the multiplier or missed events among monitored patients. Each laboratory report timestamp counts as one panel. Event-centred curves first use each patient’s median in each window and then group median/IQR, giving equal patient contribution within a window; varying membership still precludes interpretation as typical within-person change. Event Day 0 belongs to the −4 to 0-week window. The individual display likewise uses patient-window values, not a record-frequency-weighted group line.
Operational event criteria
	Subtype
	Biochemical requirement
	Support and timing

	Thyroiditis trajectory
	TSH <0.75 with FT4 >21.3 and/or FT3 >6.30, followed by qualifying hypothyroidism
	At least one report pair 7–168 elapsed days apart; first event date remains earliest qualifying biochemical presentation.

	Thyrotoxicosis without recorded subsequent hypothyroidism
	TSH <0.75 with FT4 >21.3 and/or FT3 >6.30
	Clinical review; no recorded qualifying transition. Short/absent subsequent testing is a classification limitation.

	Adjudicated primary hypothyroidism
	TSH >5.60 and FT4 <12.8 in same report timestamp
	Clinical review; same-report definition met and no available record of a prespecified exclusion. Repeat results used if available but not universally required. No qualifying preceding trajectory.

	Supported TSH >10 with normal FT4
	TSH >10 and FT4 12.8–21.3 in same report timestamp
	Repeat TSH >5.60 at 7–84 days or documented LT4 initiation within 84 days; both included cases had repeat support.


TSH units are mIU/L; FT4 and FT3 units are pmol/L. Same-report pairing allows no interval between different timestamps. Elevated FT4 with elevated TSH does not qualify for the supported-normal-FT4 category. Event classification was clinical; these rules describe the evidence requirements rather than a causal attribution algorithm.
Table S1. Comparison with selected published cohorts
	Cohort
	N
	Cancer
	ICI
	Baseline thyroid requirement
	Monitoring
	Event definition
	Window
	Reported event measure
	Subtype findings
	Antibody findings

	Current study (China)
	240 patients in the primary 365-day monitored cohort (source 2634; strict baseline-eligible 812; 365-day target population 627)
	Pan-cancer
	PD-1 inhibitor
	Most recent qualifying pre-infusion TSH+FT4 pair normal in Days −90 to 0; no prior thyroid/pituitary evidence
	Real-world, irregular; full 365-day administrative follow-up opportunity required for the target population
	Prespecified clinical-biochemical screening followed by clinical adjudication; four mutually exclusive adjudicated subtypes
	Primary Days 1–365 in the primary monitored cohort; all follow-up in the broader monitored cohort
	Observed primary 365-day event proportion: 30/240 (12.5%); all-follow-up: 35/273 (12.8%)
	Primary 365-day subtypes: primary hypothyroidism 18; thyrotoxicosis without a recorded subsequent hypothyroid phase 4; supported TSH >10 hypothyroidism 2; thyroiditis trajectory 6
	Pre-ICI TgAb/TPOAb: 24/239 positive; univariable OR 8.73

	Kennedy et al., UK, 2024
	1349
	Pan-cancer
	Multiple ICI regimens
	Normal baseline TSH and fT4
	Before treatment and at visits; usually no less frequent than every 3 months
	Biochemical hyper-/hypothyroidism; overt status defined using fT4
	Median follow-up 22.2 months
	Any hyperthyroidism 34.2%; overt 10.3%; any hypothyroidism 28.2%
	Overt primary hypothyroidism 9.3%; secondary hypothyroidism 0.5%
	Antibody-positive prevalence could not be estimated because testing was not systematic

	Kimbara et al., Japan, 2018
	168
	Advanced/recurrent solid tumours
	Nivolumab
	Baseline thyroid function and antibodies measured; baseline thyroid dysfunction excluded
	Thyroid function every 1–2 months
	Overt thyroid dysfunction based on TSH with FT4/FT3 abnormality
	During nivolumab treatment/follow-up
	23/168 (13.7%)
	17 hypothyroidism; 20 thyrotoxicosis; 14 transitioned (categories overlap)
	Baseline thyroid autoantibodies 14/35 vs 9/133; reported OR 9.19

	Zhang et al., China, 2023
	560
	Pan-cancer
	PD-1/PD-L1 inhibitors
	Normal baseline thyroid function
	Every 2–3 weeks
	Clinical and subclinical thyroid dysfunction based on TSH/FT4
	Study follow-up as reported
	284/560 (50.7%)
	Clinical hypo 62; subclinical hypo 117; clinical thyrotoxicosis 87; subclinical 18
	Antibodies measured in 121: dysfunction 30/32 positive vs 21/89 negative

	Yoon et al., Korea, 2021
	325
	Multiple solid tumours
	PD-1/PD-L1 inhibitors
	Baseline TSH and fT4 available
	Every 1–3 treatment cycles for 6 months
	Any thyroid test abnormality; overt subgroup by TSH and fT4
	First 6 months emphasized
	Any thyroid irAE 164/325 (50.5%); overt hypothyroidism 25/325 (7.7%)
	Overt and subclinical thyroid irAE categories reported
	Baseline thyroid antibodies available in 99 patients


Cross-cohort percentages are not directly comparable because baseline restrictions, monitoring coverage, windows, thresholds and subtype overlap differ. The main estimate is 30/240 (12.5%) under incomplete monitoring. Sources are cited in the main manuscript; guideline monitoring frequency is not an interval optimized by this study.
Table S2. Cohort denominators
	Population or category
	N
	Definition

	ICI-exposed source population
	2634
	All identifiable first ICI records

	No paired baseline TSH/FT4
	1370
	Hierarchical baseline exclusion

	Most recent paired result not normal
	431
	Hierarchical baseline exclusion

	Prior thyroid/pituitary or treatment evidence
	21
	Despite a normal most recent pair

	Baseline eligible
	812
	Days −90 to 0; most recent qualifying pre-infusion same-report TSH/FT4 pair both normal

	Administrative opportunity <365 days
	185
	First ICI after 31 July 2024

	One-year administrative opportunity
	627
	Target for main selection analysis

	No post-treatment retest at any follow-up
	382
	No laboratory outcome observation

	First retest only after Day 365
	5
	Days 404, 435, 439, 448, 641

	No qualifying first-year retest
	387
	382 + 5; first-year outcome unobserved

	Primary first-year monitored cohort
	240
	At least one TSH retest on Days 1–365

	Paired first-year TSH/FT4 cohort
	239
	Sensitivity cohort; one TSH-only patient excluded

	Recorded primary events
	30
	Days 1–365 in the 240-patient cohort

	No recorded primary event
	210
	Does not establish event-free follow-up

	Broader monitored descriptive cohort
	273
	Any follow-up; no full-year opportunity requirement

	Broader events by Day 365
	34
	Clinical management descriptions

	Broader events at any follow-up
	35
	Includes one first event on Day 439


The full-source retest count of 749 is descriptive and is not the primary denominator. Baseline timing and the conservative analysis excluding Day 0 are described in Methods and Table S12. Hierarchical exclusion counts are mutually exclusive.
Table S3. Recorded clinical management in the broader event cohorts
	Endpoint scope
	Clinical management or data domain
	n/N (%)
	Data availability
	Interpretation

	Broader all-monitored Day-365 case-description set (N = 34)
	First recorded levothyroxine after ICI initiation
	15/34 (44.1%)
	34/34 evaluable
	Operational LT4 initiation measure; a medication record is not equivalent to a documented treatment indication.

	Broader all-monitored Day-365 case-description set (N = 34)
	Levothyroxine recorded on days 1–84 after the event
	11/34 (32.4%)
	34/34 evaluable
	Event-timed LT4 use.

	Broader all-monitored Day-365 case-description set (N = 34)
	Non-LT4 thyroid-directed medication on or after event
	0/34 (0.0%)
	34/34 evaluable
	Includes antithyroid or iodine-containing drugs if identified by the prespecified dictionary.

	Broader all-monitored Day-365 case-description set (N = 34)
	Corticosteroid exposure within 14 days before or after event
	13/34 (38.2%)
	34/34 evaluable
	Contextual exposure; indication is unavailable and it must not be interpreted as thyroid-event treatment.

	Broader all-monitored Day-365 case-description set (N = 34)
	TKI exposure within 14 days before or after event
	7/34 (20.6%)
	34/34 evaluable
	Contextual exposure; not a thyroid-specific management measure.

	Broader all-monitored Day-365 case-description set (N = 34)
	ICI temporary interruption or discontinuation attributable to thyroid event
	Not estimable
	Not reliably ascertainable
	No count is reported; treatment gaps cannot be assumed to represent an event-attributable ICI pause.

	Broader all-monitored Day-365 case-description set (N = 34)
	Symptoms
	Not estimable
	Not systematically collected
	No symptom values are reconstructed or imputed.

	Broader all-monitored Day-365 case-description set (N = 34)
	Patient-reported outcomes
	Not estimable
	Not systematically collected
	No PRO values are reconstructed or imputed.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	First recorded levothyroxine after ICI initiation
	15/35 (42.9%)
	35/35 evaluable
	Operational LT4 initiation measure; a medication record is not equivalent to a documented treatment indication.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	Levothyroxine recorded on days 1–84 after the event
	11/35 (31.4%)
	35/35 evaluable
	Event-timed LT4 use.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	Non-LT4 thyroid-directed medication on or after event
	0/35 (0.0%)
	35/35 evaluable
	Includes antithyroid or iodine-containing drugs if identified by the prespecified dictionary.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	Corticosteroid exposure within 14 days before or after event
	13/35 (37.1%)
	35/35 evaluable
	Contextual exposure; indication is unavailable and it must not be interpreted as thyroid-event treatment.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	TKI exposure within 14 days before or after event
	8/35 (22.9%)
	35/35 evaluable
	Contextual exposure; not a thyroid-specific management measure.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	ICI temporary interruption or discontinuation attributable to thyroid event
	Not estimable
	Not reliably ascertainable
	No count is reported; treatment gaps cannot be assumed to represent an event-attributable ICI pause.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	Symptoms
	Not estimable
	Not systematically collected
	No symptom values are reconstructed or imputed.

	Secondary endpoint: adjudicated thyroid dysfunction during all available follow-up (N = 35)
	Patient-reported outcomes
	Not estimable
	Not systematically collected
	No PRO values are reconstructed or imputed.


The 34-case group is from the broader 273-patient monitored cohort, not the primary 30-event cohort. Primary management window is Days 1–84 after the event. One extra event-day-only LT4 record yields 12/34 (35.3%) when the event day (Day 0 relative to event onset) is included; in all 35 events the inclusive count is 12/35 (34.3%). Drug records do not prove indication or attribution; symptoms, PROs and event-attributed ICI interruption were not systematically ascertainable.
Table S4. Ten exploratory univariable coefficient tests in the primary cohort
	Variable
	Contrast
	N/events
	OR (95% CI)
	P
	BH q

	Age
	Per year
	240/30
	1.00 (0.97–1.03)
	0.984
	0.98444

	Sex
	Female vs Male
	240/30
	1.44 (0.64–3.28)
	0.379
	0.47411

	BMI
	Per kg/m2
	240/30
	1.11 (1.01–1.22)
	0.028
	0.05600

	Baseline TSH
	Per mIU/L
	240/30
	1.69 (1.25–2.27)
	<0.001
	0.00274

	Baseline FT4
	Per pmol/L
	240/30
	0.86 (0.69–1.06)
	0.152
	0.25364

	Baseline TgAb/TPOAb status
	Positive vs Negative
	239/30
	8.73 (3.44–22.14)
	<0.001
	0.00005

	Merged tumour system
	Digestive/HBP vs Lung/thoracic
	240/30
	1.76 (0.62–5.00)
	0.290
	0.41364

	Merged tumour system
	Urologic/gynecologic vs Lung/thoracic
	240/30
	0.96 (0.17–5.28)
	0.963
	0.98444

	Merged tumour system
	HN/skin/other rare vs Lung/thoracic
	240/30
	8.00 (2.02–31.74)
	0.003
	0.01035

	Baseline TKI record
	Yes vs No
	240/30
	2.96 (1.18–7.40)
	0.021
	0.05154


These are ten coefficient tests across eight variables; three tumour contrasts are separate tests. BH is applied only to this family. The TKI q value is 0.05154 and BMI q is 0.05600; neither is below 0.05. Any-time corticosteroids are not tested. Antibody analysis excludes one untested patient. No global tumour-variable P value is included.
Table S4 continued. Sparse tumour-group Firth sensitivity estimates
	Contrast against lung/thoracic
	Firth OR (95% CI)
	Penalized likelihood-ratio P

	Digestive/HBP
	1.65 (0.64–4.96)
	0.313

	Urologic/gynecologic
	1.08 (0.18–4.82)
	0.925

	HN/skin/other rare
	7.53 (2.01–29.76)
	0.003


Table S5. Limited-adjustment Firth model
	Covariate or contrast
	Adjusted OR (95% CI)
	Penalized likelihood-ratio P

	Antibody positive vs negative
	9.00 (3.21–26.02)
	<0.001

	TSH per 1 mIU/L
	1.82 (1.32–2.53)
	<0.001

	age
	1.01 (0.98–1.04)
	0.606

	Female vs male
	1.06 (0.38–2.71)
	0.904

	Digestive/HBP
	1.94 (0.68–6.49)
	0.224

	Urologic/gynecologic
	1.18 (0.16–6.61)
	0.855

	HN/skin/other rare
	11.60 (2.42–61.03)
	0.002


N=239 complete cases; 30 recorded events; seven slope parameters (4.29 events/parameter). Core exposures are antibody status and TSH; adjustment is for age, sex and four-level tumour group. TKI is excluded. CIs are profile penalized-likelihood intervals. No outcome-driven variable selection or prediction model was performed.
Table S6. Patient-level laboratory abnormality in post-treatment windows in the broader monitored cohort
	Window
	Analyte
	Patients with ≥1 abnormal result
	Records
	Tests/patient median [IQR]
	Patient median [IQR]

	1-4 weeks
	TSH
	25/125 (20.0%)
	129
	1.0 [1.0, 1.0]
	1.9 [1.3, 3.1]

	1-4 weeks
	FT4
	19/125 (15.2%)
	129
	1.0 [1.0, 1.0]
	15.6 [14.0, 17.1]

	1-4 weeks
	FT3
	38/125 (30.4%)
	129
	1.0 [1.0, 1.0]
	4.3 [3.8, 5.0]

	5-8 weeks
	TSH
	25/118 (21.2%)
	121
	1.0 [1.0, 1.0]
	2.2 [1.4, 3.5]

	5-8 weeks
	FT4
	22/116 (19.0%)
	119
	1.0 [1.0, 1.0]
	15.1 [13.7, 16.6]

	5-8 weeks
	FT3
	34/116 (29.3%)
	119
	1.0 [1.0, 1.0]
	4.3 [3.9, 5.1]

	9-12 weeks
	TSH
	16/92 (17.4%)
	98
	1.0 [1.0, 1.0]
	1.9 [1.4, 2.9]

	9-12 weeks
	FT4
	12/92 (13.0%)
	98
	1.0 [1.0, 1.0]
	15.4 [13.7, 17.0]

	9-12 weeks
	FT3
	18/92 (19.6%)
	98
	1.0 [1.0, 1.0]
	4.5 [4.2, 5.2]

	13-24 weeks
	TSH
	34/121 (28.1%)
	180
	1.0 [1.0, 2.0]
	2.0 [1.3, 3.3]

	13-24 weeks
	FT4
	37/120 (30.8%)
	178
	1.0 [1.0, 2.0]
	14.8 [13.2, 16.5]

	13-24 weeks
	FT3
	38/120 (31.7%)
	178
	1.0 [1.0, 2.0]
	4.3 [3.8, 4.9]

	25-52 weeks
	TSH
	24/73 (32.9%)
	140
	1.0 [1.0, 2.0]
	2.2 [1.4, 4.1]

	25-52 weeks
	FT4
	19/72 (26.4%)
	138
	1.0 [1.0, 2.0]
	14.9 [13.4, 16.2]

	25-52 weeks
	FT3
	24/72 (33.3%)
	138
	1.0 [1.0, 2.0]
	4.4 [3.8, 4.8]


Denominators are tested patients, not all 273 patients or person-time. Analysis windows are Days 1–28, 29–56, 57–84, 85–168 and 169–365; ICI Day 0 reports are excluded because predose collection was established by investigator verification rather than by specimen-collection timestamps in the analytical export. Each report timestamp counts as one panel. Within-patient window medians are summarized across patients.
Table S7. Exploratory baseline TSH functional-form comparisons
	Model
	N/events
	AIC
	Log likelihood
	Nonlinearity P

	Linear TSH
	240/30
	173.00
	-84.50
	—

	log(TSH)
	240/30
	171.40
	-83.70
	—

	Natural cubic spline, df=3
	240/30
	173.69
	-82.85
	0.191


AIC and log likelihood are relative-fit descriptions; no TSH threshold is estimated. Spline P compares the df=3 natural spline with the linear model and is outside the ten-test BH family.
Table S8. IPW standardization of the recorded-event proportion and diagnostics
	Method
	Observed/weighted proportion (95% CI)
	Difference, percentage points
	ESS

	Unweighted
	12.5% (8.9%–17.3%)
	+0.00
	240.0

	Stabilized IPW
	12.6% (8.4%–17.0%)
	+0.08
	219.1

	Stabilized IPW, 1st/99th percentile capped
	12.6% (8.5%–17.1%)
	+0.14
	221.5


Target N=627, monitored N=240, recorded events=30. The weighted measure is a standardized recorded-event proportion, not a fully ascertained incidence estimate. Bootstrap used 2,000 full-target patient resamples with repeated imputation and model fitting; all succeeded.
Table S8 continued. Weight distribution
	Weight set
	Minimum–maximum
	Cap points
	Below/above caps
	ESS

	Uncapped
	0.479–2.766
	—
	—
	219.1

	Capped
	0.553–1.901
	0.553/1.901
	3/3
	221.5


Table S8 continued. Covariate balance against the full target population
	Characteristic
	Level
	In model
	SMD before
	SMD uncapped
	SMD capped

	First ICI year
	2020
	Yes
	0.062
	0.009
	0.014

	First ICI year
	2021
	Yes
	0.151
	0.015
	0.018

	First ICI year
	2022
	Yes
	0.081
	0.016
	0.016

	First ICI year
	2023
	Yes
	0.028
	0.039
	0.036

	First ICI year
	2024
	Yes
	0.016
	0.010
	0.012

	Age
	Years
	Yes
	0.106
	0.001
	0.011

	Sex
	Female
	Yes
	0.030
	0.020
	0.023

	BMI
	kg/m2, median imputed
	Yes
	0.064
	0.031
	0.030

	BMI missingness
	Missing
	No
	0.171
	0.171
	0.171

	Tumour group
	Lung/thoracic
	Yes
	0.130
	0.001
	0.004

	Tumour group
	Digestive/HBP
	Yes
	0.095
	0.001
	0.004

	Tumour group
	Urologic/gynecologic
	Yes
	0.037
	0.017
	0.008

	Tumour group
	HN/skin/other rare
	Yes
	0.015
	0.029
	0.028

	Baseline antibody
	negative
	Yes
	0.045
	0.014
	0.012

	Baseline antibody
	positive
	Yes
	0.083
	0.009
	0.011

	Baseline antibody
	not_tested
	Yes
	0.107
	0.060
	0.060

	Baseline TSH
	mIU/L
	Yes
	0.070
	0.020
	0.017

	Baseline FT4
	pmol/L
	Yes
	0.037
	0.007
	0.010


Maximum capped SMD among fitted covariates is 0.060. BMI missingness is excluded from that maximum and remains 0.171. BMI was missing in nine target patients and zero monitored patients; weighting provides no directly observed outcomes for this subgroup. All patients initiated PD-1 inhibitors; ICI class was not modelled. Capping changes weights, not inclusion.
Table S9. Scenario-based sensitivity analysis for unmonitored patients
	Assumed unmonitored/monitored multiplier
	Assumed unmonitored proportion
	Expected total events
	Target scenario proportion (transformed 95% CI)

	0.0
	0.0%
	30.0
	4.8% (3.4–6.6%)

	0.5
	6.2%
	54.2
	8.6% (6.2–11.9%)

	1.0
	12.5%
	78.4
	12.5% (8.9–17.3%)

	1.5
	18.8%
	102.6
	16.4% (11.6–22.6%)

	2.0
	25.0%
	126.8
	20.2% (14.4–28.0%)


Target N=627; 387 lack a first-year retest. These are assumed scenarios, not observed events in unmonitored patients. Interval transformations propagate uncertainty in the monitored proportion only. Scenarios do not additionally correct missed events after monitoring cessation.
Table S10. First-year monitoring coverage by recorded-event status
	Measure
	Recorded event
	No recorded event

	Patients
	30
	210

	First thyroid test day, median [IQR]
	27.5 [21.2, 73.5]
	31.0 [23.0, 52.0]

	Last thyroid test day within Days 1-365, median [IQR]
	148.5 [92.5, 239.0]
	85.5 [40.2, 175.8]

	Tests within Days 1-365, median [IQR]
	3.0 [1.0, 6.0]
	2.0 [1.0, 3.0]

	Exactly one test within Days 1-365
	9/30 (30.0%)
	91/210 (43.3%)

	Last available thyroid test before Day 365
	26/30 (86.7%)
	196/210 (93.3%)

	Tested at least once on Days 1-90
	24/30 (80.0%)
	185/210 (88.1%)

	Tested at least once on Days 91-180
	23/30 (76.7%)
	86/210 (41.0%)

	Tested at least once on Days 181-270
	11/30 (36.7%)
	39/210 (18.6%)

	Tested at least once on Days 271-365
	6/30 (20.0%)
	17/210 (8.1%)


The primary cohort contains 30 recorded-event and 210 no-recorded-event patients. Tests are TSH-containing report panels; 239 patients had paired TSH/FT4 at least once. First/last first-year test summaries are restricted to Days 1–365; the separate last-available-test row uses all available post-treatment TSH reports. Quarterly membership overlaps; counts must not be summed. A late record does not prove complete observation between tests.
Table S11. First PD-1 inhibitor distribution
	First PD-1 inhibitor
	Target population, n (%)
	Primary monitored cohort, n (%)

	Sintilimab
	227/627 (36.2%)
	78/240 (32.5%)

	Tislelizumab
	194/627 (30.9%)
	71/240 (29.6%)

	Camrelizumab
	158/627 (25.2%)
	72/240 (30.0%)

	Pembrolizumab
	25/627 (4.0%)
	12/240 (5.0%)

	Toripalimab
	20/627 (3.2%)
	6/240 (2.5%)

	Nivolumab
	3/627 (0.5%)
	1/240 (0.4%)


Each patient is counted once by the first identifiable PD-1 agent, not by prescription frequency. Subsequent regimen changes are not an exposure-response comparison.
Table S12. Sensitivity analyses
	Analysis
	Target N
	Events/monitored
	Observed % (95% CI)
	Capped IPW % (95% CI)
	Antibody adjusted OR (95% CI)
	TSH adjusted OR (95% CI)

	Main first-year TSH monitoring
	627
	30/240
	12.5% (8.9%–17.3%)
	12.6% (8.5%–17.1%)
	9.00 (3.21–26.02)
	1.82 (1.32–2.53)

	Paired TSH/FT4 first-year monitoring
	627
	30/239
	12.6% (8.9%–17.4%)
	12.6% (8.5%–17.1%)
	8.97 (3.20–25.93)
	1.81 (1.32–2.53)

	Baseline reports on Days −90 to −1
	484
	22/171
	12.9% (8.7%–18.7%)
	13.3% (8.4%–19.0%)
	6.11 (1.65–23.34)
	1.60 (1.12–2.31)

	IPW target restricted to observed BMI
	618
	30/240
	12.5% (8.9%–17.3%)
	12.6% (8.4%–17.1%)
	Not refitted; outcome cohort unchanged
	Not refitted; outcome cohort unchanged


The paired cohort removes one patient with TSH-only monitoring, leaving 239 monitored patients. The prior-calendar-day analysis applies the same most-recent-pair rule to baseline TSH/FT4 and derives antibodies using Days −90 to −1; it changes the target population, yielding 484 target and 171 monitored patients with 22 events. This is a conservative exclusion of treatment-day baseline reports, whose pretreatment collection was confirmed by the investigators. Its maximum capped SMD among model covariates is 0.171, so balance is less complete than in the main model. The BMI-observed target excludes nine unmonitored patients, leaving 618 target patients and the same 240 monitored patients. Each IPW analysis used 2,000 bootstrap resamples. Sensitivity Firth models retain the same seven slopes but have their own complete-case sample sizes.
Table S13A. Anonymized biochemical and temporal evidence for the 35 adjudicated events
	Case
	Primary
	Event day
	Subtype
	TSH
	FT4
	FT3
	Repeat TSH day/value
	Trajectory hypo day
	Later tests / last gap

	E01
	Yes
	19
	Primary hypo
	12.19
	11.41
	2.61
	41 / 11.29
	—
	3 / 75

	E02
	Yes
	20
	Primary hypo
	8.55
	12.14
	4.28
	41 / 5.65
	—
	5 / 116

	E03
	No
	20
	Thyrotoxicosis*
	0.02
	51
	16.4
	—
	—
	0 / —

	E04
	Yes
	20
	Supported TSH>10
	11.63
	14.61
	3.57
	41 / 8.92
	—
	10 / 594

	E05
	Yes
	22
	Thyrotoxicosis*
	0.15
	28.29
	7.48
	—
	—
	1 / 69

	E06
	Yes
	22
	Trajectory
	0.06
	36.6
	10.5
	92 / 57
	92
	2 / 70

	E07
	No
	24
	Trajectory
	0.02
	34
	8.88
	108 / 71
	108
	1 / 84

	E08
	Yes
	24
	Primary hypo
	7.94
	12.7
	2.75
	—
	—
	1 / 139

	E09
	Yes
	27
	Primary hypo
	12.3
	10.9
	3.54
	—
	—
	0 / —

	E10
	Yes
	28
	Primary hypo
	13.8
	11.2
	3.42
	55 / 12.3
	—
	2 / 82

	E11
	Yes
	32
	Thyrotoxicosis*
	0.02
	36
	7.48
	—
	—
	0 / —

	E12
	Yes
	37
	Primary hypo
	5.83
	11.63
	3.58
	—
	—
	0 / —

	E13
	Yes
	43
	Trajectory
	0.63
	19.59
	6.75
	70 / 23.79
	70
	2 / 51

	E14
	Yes
	47
	Trajectory
	0.04
	32
	11.5
	—
	244
	4 / 197

	E15
	Yes
	52
	Primary hypo
	10.32
	11.7
	4.84
	—
	—
	0 / —

	E16
	Yes
	53
	Primary hypo
	29.06
	5.44
	2.57
	—
	—
	0 / —

	E17
	Yes
	57
	Thyrotoxicosis*
	0.03
	19.36
	7.59
	—
	—
	7 / 400

	E18
	Yes
	75
	Trajectory
	0.02
	24.43
	6.22
	101 / 9.2
	101
	6 / 231

	E19
	Yes
	92
	Primary hypo
	19.9
	0.57
	0.6
	—
	—
	0 / —

	E20
	Yes
	98
	Primary hypo
	58.06
	6.31
	3.27
	—
	—
	0 / —

	E21
	Yes
	98
	Trajectory
	0.03
	20.19
	7.05
	161 / 50.75
	161
	2 / 63

	E22
	Yes
	109
	Primary hypo
	100
	0.98
	0.4
	—
	—
	0 / —

	E23
	Yes
	118
	Primary hypo
	46.2
	2.76
	1.61
	—
	—
	0 / —

	E24
	Yes
	126
	Primary hypo
	100
	0.5
	0.6
	174 / 67.62
	—
	2 / 71

	E25
	Yes
	127
	Primary hypo
	23.1
	10.77
	3.9
	148 / 84.69
	—
	5 / 91

	E26
	Yes
	140
	Primary hypo
	9.34
	11.92
	3.43
	174 / 6.39
	—
	2 / 57

	E27
	Yes
	158
	Trajectory
	0.32
	22.86
	5.75
	211 / 5.88
	263
	13 / 656

	E28
	Yes
	159
	Primary hypo
	12.2
	10.8
	3.56
	—
	—
	1 / 65

	E29
	No
	172
	Primary hypo
	7.11
	11.4
	4.46
	222 / 7.82
	—
	1 / 50

	E30
	Yes
	177
	Primary hypo
	11.09
	12.05
	4.48
	—
	—
	0 / —

	E31
	No
	208
	Thyrotoxicosis*
	0.01
	24.1
	5.96
	—
	—
	0 / —

	E32
	Yes
	271
	Supported TSH>10
	10.08
	13.64
	3.23
	313 / 5.64
	—
	2 / 42

	E33
	Yes
	279
	Primary hypo
	5.63
	10.22
	3.53
	—
	—
	5 / 899

	E34
	Yes
	289
	Thyrotoxicosis*
	0.02
	24.6
	4.2
	—
	—
	0 / —

	E35
	No
	439
	Primary hypo
	16.6
	12.5
	2.38
	—
	—
	0 / —


Research case labels are newly assigned for this table and contain no patient identifiers or calendar dates. Days are relative to first ICI; last gap is days from event to the last later thyroid test. Repeat support lists the earliest later TSH >5.60 on Days 7–84 after the event. A dash means no such recorded evidence, not absence of disease. TSH is mIU/L; FT4/FT3 are pmol/L. *Thyrotoxicosis without a recorded subsequent hypothyroid phase. Two primary cases have no later test. All six primary trajectories had qualifying hypothyroid reports by Day 365; their complete qualifying pairs are shown in Table S13B. Single-report primary hypothyroidism or thyrotoxicosis could qualify after clinical review; repeated biochemical abnormality was not a universal requirement. Among the 18 primary-cohort adjudicated primary hypothyroidism cases, six had a later TSH >5.60 mIU/L recorded within Days 7–84; this interval-specific repeat evidence was not required for classification of that subtype.
Table S13B. Qualifying biochemical pairs for the seven adjudicated thyroiditis trajectories
	Case
	Primary
	Event day
	Qualifying thyrotoxic report
	Qualifying hypothyroid report
	Exact elapsed interval, days

	
	
	
	Day
	TSH
	FT4
	FT3
	Day
	TSH
	FT4
	

	E06
	Yes
	22
	22
	0.06
	36.6
	10.5
	92
	57
	1.69
	69.9

	E07
	No
	24
	24
	0.02
	34
	8.88
	108
	71
	1.70
	84.2

	E13
	Yes
	43
	43
	0.63
	19.59
	6.75
	70
	23.79
	8.61
	27.0

	E14
	Yes
	47
	97
	0.01
	21.29
	7.73
	244
	100
	1.33
	146.8

	E18
	Yes
	75
	75
	0.02
	24.43
	6.22
	101
	9.20
	8.01
	25.9

	E21
	Yes
	98
	98
	0.03
	20.19
	7.05
	161
	50.75
	2.97
	62.8

	E27
	Yes
	158
	158
	0.32
	22.86
	5.75
	263
	25.64
	12.15
	105.2


Days are relative to first ICI. Event day is the earliest qualifying biochemical presentation and may precede the thyrotoxic report used in the qualifying pair. The interval is the exact elapsed time between the qualifying report timestamps, shown to one decimal day; it can differ by less than one day from subtraction of the integer study days. All intervals met the prespecified 7–168-day criterion. TSH is mIU/L; FT4/FT3 are pmol/L. E14 illustrates the prespecified rule: the event on Day 47 preceded the qualifying thyrotoxic report on Day 97; the interval from the Day 97 thyrotoxic report to the Day 244 hypothyroid report was 146.8 elapsed days.
Figure S1. Descriptive phenotype hierarchy in the broader monitored cohort
[image: ]
The five descriptive phenotypes refer to all 273 monitored patients and are distinct from the four adjudicated event subtypes. The right-hand subtype counts use all 35 events at any follow-up; 34 occurred by Day 365. The 36-patient descriptive phenotype count is not the 35-patient adjudicated event count. This hierarchy does not establish causal PD-1 attribution or diagnostic accuracy. The primary monitoring cohort comprises 240 patients.
Figure S2. Patient-window event-centred laboratory summaries in the broader 35-event cohort
[image: ]
Grey lines connect each patient’s available within-window median values. The orange curve is the group median of patient-window values, so frequent testers do not receive extra weight within a window; IQRs are shown. TSH patient-window medians are transformed as log10(TSH+0.01). Membership differs by window. These summaries do not imply complete individual follow-up or a typical within-patient course.
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