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Figure S1. Study population attrition

IC=immunocompromised.



Figure S2. Timing and rate of index COVID-19 diagnosis in reference to dominant variants of concern 
The timing of index COVID-19 diagnoses for the various study groups suggested that SARS-CoV-2 has not yet established the typical pattern of seasonality observed with other respiratory viruses (e.g., respiratory syncytial virus, influenza, human metapneumovirus). Two prominent peaks were observed throughout the 12-month study period: a late summer peak associated with XBB variants (August/September 2023) and an early winter peak associated with the JN.1 variant (December 2023/January 2024). This was fairly consistent across the 3 analyses and also aligned with overall COVID-19-related hospitalization trends reported by the CDC.(4) SARS-CoV-2 continued to mutate rapidly, with more than 5 dominant variants of concern noted during the 12-month study period.(27) The figure shows the dominant periods for the variants of concern (>50% proportion of the circulating US variants). These were not the only variants circulating at the time.
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CDC=Centers for Disease Control and Prevention; CMC=chronic medical condition; IC=immunocompromised; N=number; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; US=United States.
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Table S1. Baseline demographic characteristics of the IC population by individual IC cohorts
	Demographic characteristics
	Hematologic malignancy 
	STM with evidence of treatment
	Stem cell/bone marrow transplant or CAR T-cell therapy
	Solid organ transplant
	CKD stage 5 without evidence of chronic dialysis
	ESKD with evidence of chronic dialysis
	Use of immuno-suppressive therapy

	Number of patients, N
	1729
	1382
	85
	871
	471
	1458
	2398

	Age on index (years), mean (SD)
	66.4 (14.2)
	65.5 (15.1)
	55.7 (18.4)
	55.8 (13.1)
	72.2 (14.4)
	65.7 (13.8)
	51.4 (13.4)

	Age categories (years), n (%)

	12–64
	755 (43.7)
	686 (49.6)
	54 (63.5)
	660 (75.8)
	142 (30.1)
	661 (45.3)
	2064 (86.1)

	65+
	974 (56.3)
	696 (50.4)
	31 (36.5)
	211 (24.2)
	329 (69.9)
	797 (54.7)
	334 (13.9)

	Sex, n (%)

	Female 
	761 (44.0)
	887 (64.2)
	34 (40.0)
	372 (42.7)
	253 (53.7)
	630 (43.2)
	1902 (79.3)

	Male
	968 (56.0)
	495 (35.8)
	51 (60.0)
	499 (57.3)
	218 (46.3)
	828 (56.8)
	496 (20.7)

	Payor,* n (%)

	Commercial
	1093 (63.2)
	896 (64.8)
	68 (80.0)
	668 (76.7)
	208 (44.2)
	556 (38.1)
	2081 (86.8)

	Managed Medicare 
	636 (36.8)
	486 (35.2)
	17 (20.0)
	203 (23.3)
	263 (55.8)
	902 (61.9)
	317 (13.2)

	Geographic region of patient, n (%)

	Northeast
	306 (17.7)
	208 (15.1)
	10 (11.8)
	122 (14.0)
	83 (17.6)
	164 (11.2)
	386 (16.1)

	Midwest
	473 (27.4)
	380 (27.5)
	16 (18.8)
	189 (21.7)
	149 (31.6)
	466 (32.0)
	498 (20.8)

	South
	547 (31.6)
	454 (32.9)
	28 (32.9)
	367 (42.1)
	145 (30.8)
	514 (35.3)
	991 (41.3)

	West
	403 (23.3)
	340 (24.6)
	31 (36.5)
	193 (22.2)
	94 (20.0)
	314 (21.5)
	523 (21.8)

	Index date

	2023

	March
	248 (14.3)
	159 (11.5)
	18 (21.2)
	98 (11.3)
	52 (11.0)
	245 (16.8)
	284 (11.8)

	April 
	108 (6.2)
	86 (6.2)
	<5 (<5.9)
	42 (4.8)
	21 (4.5)
	68 (4.7)
	91 (3.8)

	May 
	72 (4.2)
	55 (4.0)
	<5 (<5.9)
	37 (4.2)
	24 (5.1)
	58 (4.0)
	99 (4.1)

	June
	75 (4.3)
	47 (3.4)
	<5 (<5.9)
	31 (3.6)
	15 (3.2)
	46 (3.2)
	82 (3.4)

	July
	62 (3.6)
	50 (3.6)
	<5 (<5.9)
	29 (3.3)
	17 (3.6)
	46 (3.2)
	90 (3.8)

	August
	148 (8.6)
	114 (8.2)
	7 (8.2)
	82 (9.4)
	35 (7.4)
	119 (8.2)
	273 (11.4)

	September 
	163 (9.4)
	148 (10.7)
	7 (8.2)
	97 (11.1)
	54 (11.5)
	139 (9.5)
	237 (9.9)

	October
	130 (7.5)
	109 (7.9)
	7 (8.2)
	71 (8.2)
	41 (8.7)
	105 (7.2)
	217 (9.0)

	November
	140 (8.1)
	126 (9.1)
	8 (9.4)
	75 (8.6)
	47 (10.0)
	127 (8.7)
	209 (8.7)

	December
	246 (14.2)
	220 (15.9)
	11 (12.9)
	132 (15.2)
	63 (13.4)
	222 (15.2)
	344 (14.3)

	2024

	January 
	211 (12.2)
	170 (12.3)
	6 (7.1)
	101 (11.6)
	60 (12.7)
	181 (12.4)
	289 (12.1)

	February
	126 (7.3)
	98 (7.1)
	9 (10.6)
	76 (8.7)
	42 (8.9)
	102 (7.0)
	183 (7.6)

	Race/Ethnicity, n (%) 

	Hispanic/Latino 
	106 (6.1)
	63 (4.6)
	<5 (<5.9)
	72 (8.3)
	29 (6.2)
	130 (8.9)
	165 (6.9)

	Non-Hispanic/Latino

	     Black
	163 (9.4)
	88 (6.4)
	7 (8.2)
	127 (14.6)
	98 (20.8)
	407 (27.9)
	272 (11.3)

	     White 
	1265 (73.2)
	1062 (76.8)
	61 (71.8)
	542 (62.2)
	295 (62.6)
	755 (51.8)
	1658 (69.1)

	     Asian 
	49 (2.8)
	58 (4.2)
	5 (5.9)
	47 (5.4)
	17 (3.6)
	59 (4.0)
	95 (4.0)

	     Other race**
	24 (1.4)
	18 (1.4)
	5 (5.9)
	20 (2.3)
	7 (1.5)
	19 (1.3)
	24 (1.0)

	Unknown or Undisclosed race/ ethnicity
	122 (7.1)
	93 (6.7)
	<5 (<5.9)
	63 (7.2)
	25 (5.3)
	88 (6.0)
	184 (7.7)

	Quartiles of socioeconomic status index, n (%)

	1 (Least advantaged)
	233 (13.5)
	187 (13.5)
	<17 (<20.0)
	125 (14.4)
	98 (20.8)
	437 (30.0)
	336 (14.0)

	2
	369 (21.3)
	316 (22.9)
	12 (14.1)
	191 (21.9)
	123 (26.1)
	374 (25.7)
	490 (20.4)

	3
	475 (27.5)
	368 (26.6)
	24 (28.2)
	238 (27.3)
	128 (27.2)
	345 (23.7)
	681 (28.4)

	4 (Most advantaged)
	608 (35.2)
	477 (34.5)
	36 (42.4)
	274 (31.5)
	103 (21.9)
	252 (17.3)
	815 (34.0)

	Missing/Unknown
	44 (2.5)
	34 (2.5)
	<5 (<5.9)
	43 (4.9)
	19 (4.0)
	50 (3.4)
	76 (3.2)

	Months of variable continuous enrollment, mean (SD)

	Months in baseline
	36.2 (9.1)
	36.7 (9.0)
	38.9 (7.3)
	34.8 (10.3)
	36.5 (9.4)
	33.1 (10.5)
	35.4 (9.9)

	Months of follow up
	4.8 (3.6)
	4.6 (3.5)
	5.4 (3.9)
	4.8 (3.5)
	4.4 (3.4)
	4.7 (3.6)
	5.0 (3.5)


CAR=chimeric antigen receptor; CKD=chronic kidney disease; ESKD=end-stage kidney disease; IC=immunocompromised; IQR=interquartile range; SD=standard deviation; SESI=socioeconomic status index; STM= solid tumor malignancy.
*The following hierarchy was applied when multiple payor types were identified on the index date: Medicare > commercial. Medicare includes Advantage/Supplement (Medigap)/Part D.	
**Other race includes Native Hawaiian, Pacific Islander, American Indian, Alaska Native, and all Other.	
Note: Values 1–4 are masked and replaced with "<5" per Carelon Research privacy policies.
The SESI score, a composite measure based on seven variables (unemployment rate, poverty rate, median household income, median home value, rate of no high school diploma, rate of college degree, and crowding), is reported in quartiles, with “4” indicating an individual is in the top 25% (most advantaged group) and “1” indicating an individual is in the bottom 25% (least advantaged group).(30)	

															


Table S2. Baseline clinical characteristics of the IC population by individual IC cohorts
	Clinical characteristics
	Hematologic malignancy 
	STM with evidence of treatment
	Stem cell / bone marrow transplant or CAR T-cell therapy
	Solid organ transplant
	CKD stage 5 without evidence of chronic dialysis
	ESKD with evidence of chronic dialysis
	Use of immuno-suppressive therapy

	Number of patients, N
	1729
	1382
	85
	871
	471
	1458
	2398

	QCI score 

	Mean (SD)
	4.5 (2.6)
	5.8 (2.9)
	3.8 (2.2)
	3.0 (2.1)
	4.0 (2.3)
	4.4 (2.2)
	1.3 (1.4)

	Median (IQR)
	4 (2–6)
	6 (3–8)
	4 (2–5)
	2 (1–4)
	4 (2–5)
	4 (3–6)
	1 (0–2)

	QCI categories, n (%)

	0
	28 (1.6)
	53 (3.8)
	<5 (<5.9)
	28 (3.2)
	15 (3.2)
	<5 (<0.3)
	792 (33.0)

	1
	21 (1.2)
	29 (2.1)
	<10 (<11.8)
	229 (26.3)
	47 (10.0)
	<95 (<6.5)
	782 (32.6)

	2
	474 (27.4)
	173 (12.5)
	16 (18.8)
	186 (21.4)
	84 (17.8)
	219 (15.0)
	433 (18.1)

	3+
	1206 (69.8)
	1127 (81.5)
	57 (67.1)
	428 (49.1)
	325 (69.0)
	1148 (78.7)
	391 (16.3)

	CMCs of interest associated with increased risk for severe COVID-19, n (%)

	Severe persistent asthma 
	11 (0.6)
	7 (0.5)
	0 (0.0)
	<5 (0.6)
	<5 (1.1)
	14 (1.0)
	37 (1.5)

	Cerebrovascular diseases 
	397 (23.0)
	354 (25.6)
	23 (27.1)
	147 (16.9)
	192 (40.8)
	640 (43.9)
	248 (10.3)

	Chronic lung diseases 
	610 (35.3)
	533 (38.6)
	37 (43.5)
	289 (33.2)
	216 (45.9)
	736 (50.5)
	541 (22.6)

	Chronic liver diseases 
	257 (14.9)
	259 (18.7)
	20 (23.5)
	185 (21.2)
	48 (10.2)
	208 (14.3)
	340 (14.2)

	Cystic fibrosis 
	<5 (<0.3)
	<5 (0.5)
	<5 (5.9)
	16 (1.8)
	<5 (1.1)
	0 (0.0)
	<5 (<0.2)

	Diabetes mellitus type 1 & 2
	534 (30.9)
	426 (30.8)
	34 (40.0)
	461 (52.9)
	316 (67.1)
	1137 (78.0)
	506 (21.1)

	Disabilities 
	<5 (<0.3)
	<5 (0.5)
	0 (0.0)
	6 (0.7)
	<5 (1.1)
	5 (0.3)
	12 (0.5)

	Heart conditions 
	738 (42.7)
	550 (39.8)
	44 (51.8)
	404 (46.4)
	329 (69.9)
	1203 (82.5)
	414 (17.3)

	Human immunodeficiency virus 
	11 (0.6)
	8 (0.6)
	<5 (5.9)
	9 (1.0)
	<5 (1.1)
	12 (0.8)
	<5 (<0.2)

	Dementia 
	71 (4.1)
	54 (3.9)
	<5 (5.9)
	10 (1.1)
	57 (12.1)
	119 (8.2)
	25 (1.0)

	Obesity (BMI ≥30 kg/m2) 
	678 (39.2)
	531 (38.4)
	24 (28.2)
	346 (39.7)
	237 (50.3)
	800 (54.9)
	1040 (43.4)

	Number of CMCs of interest associated with increased risk for severe COVID-19

	Mean (SD)
	1.9 (1.5)
	2.0 (1.5)
	2.2 (1.6)
	2.2 (1.5)
	3.0 (1.5)
	3.3 (1.4)
	1.3 (1.3)

	Median (IQR)
	2 (1–3)
	2 (1–3)
	2 (1–4)
	2 (1–3)
	3 (2–4)
	3 (2–4)
	1 (0–2)

	COVID-19 vaccination in the intake period, n (%)
	678 (39.2)
	505 (36.5)
	35 (41.2)
	416 (47.8)
	194 (41.2)
	875 (60.0)
	1022 (42.6)

	COVID-19 vaccination status 
7–59 days before index date, n (%)
	126 (7.3)
	108 (7.8)
	14 (16.5)
	108 (12.4)
	32 (6.8)
	180 (12.3)
	217 (9.0)

	COVID-19 vaccination status 
60–119 days before index date, n (%)
	196 (11.3)
	145 (10.5)
	8 (9.4)
	120 (13.8)
	47 (10.0)
	254 (17.4)
	250 (10.4)


CAR=chimeric antigen receptor; CKD=chronic kidney disease; CMC=chronic medical condition; ESKD=end-stage kidney disease; IC=immunocompromised; SD=standard deviation; STM=solid tumor malignancy; QCI=Quan-Charlson Comorbidity Index.
Note: Values 1–4 are masked and replaced with "<5" per Carelon Research privacy policies.


Table S3. Baseline all-cause and COVID-19-related healthcare costs 
	Costs
	Overall cohorts
	IC subgroups by age and number of CMCs
	Matched cohorts

	
	General population
	IC cohort
	<65 years with 0 CMC
	≥65 years with 0 CMC
	≥65 years with 1 CMC
	≥65 years with 2 CMCs
	≥65 years with 3+ CMCs
	High-risk general population
	Matched IC cohort

	Number of patients, N
	458,163
	8025
	1265
	265
	504
	657
	1744
	7410
	7410

	All-cause costs, 2023 USD

	Total costs (medical + pharmacy), 
mean (SD)
	$42,104 ($103,579)
	$402,474 ($577,681)
	$337,732 ($462,159)
	$281,031 ($356,505)
	$303,024 ($357,736)
	$314,457 ($411,953)
	$354,285 ($445,237)
	$279,298 ($516,133)
	$37,2011 ($525,117)

	Total costs (medical + pharmacy), 
PPPM mean (SD)
	$1207 ($2973)
	$11,816 ($17,729)
	$10,191 ($13,908)
	$8311 ($10,789)
	$8894 ($10,499)
	$9037 ($11,272)
	$10,249 ($12,228)
	$8253 ($15,046)
	$10,809 ($14,887)

	Inpatient hospitalization costs, 
mean (SD)
	$9647 ($58,352)
	$101,390 ($347,400)
	$37,944 ($141,587)
	$22,728 ($66,195)
	$35,918 ($94,469)
	$54,679 ($166,663)
	$97,472 ($172,635)
	$99,820 ($322,114)
	$87,939 ($282,226)

	Inpatient hospitalization costs, 
PPPM mean (SD)
	$282 
($1804)
	$30,823 ($11,564)
	$1083 
($3880)
	$724 
($2538)
	$1063 ($2906)
	$1673 ($4957)
	$2955 
($5311)
	$3158 ($10,446)
	$2627 ($8367)

	ED visit costs, mean (SD)
	$2949 ($9779)
	$6260 ($16,844)
	$4036 ($12,097)
	$2291 ($5846)
	$2684 ($5457)
	$3165 ($6415)
	$6549 ($16175)
	$9285 ($27,186)
	$6035 ($16,791)

	ED visit costs, PPPM mean (SD)
	$89 ($316)
	$191 ($532)
	$129 ($553)
	$67 ($184)
	$76 ($155)
	$96 ($210)
	$196 ($459)
	$291 ($943)
	$183 ($530)

	OP visit costs, mean (SD)
	$18,505 ($51,660)
	$205,096 ($372,101)
	$209,427 ($386,336)
	$136,919 ($254,919)
	$152,303 ($253,754)
	$160,451 ($273,482)
	$173,745 ($344,085)
	$88,688 ($291,677)
	$191,158 ($361,964)

	OP visit costs, PPPM mean (SD)
	$525 
($1422)
	$5985 ($10,564)
	$6403 ($12,053)
	$4137 ($8034)
	$4563 ($7719)
	$4605 ($7398)
	$4933 
($8953)
	$2496 ($7892)
	$5544 ($10,082)

	SNF costs, mean (SD)
	$345 
($4285)
	$1678 ($9785)
	$0 
($0)
	$351 
($4210)
	$467 
($3938)
	$1991 ($7311)
	$4994 ($14823)
	$3746 ($15,697)
	$1462 ($8118)

	SNF costs, PPPM mean (SD)
	$10 ($127)
	$54 ($317)
	$0 ($0)
	$15 ($172)
	$14 ($124)
	$64 ($257)
	$160 ($488)
	$121 ($507)
	$47 ($272)

	Pharmacy costs, mean (SD)
	$10,658 ($46,840)
	$88,050 ($159,850)
	$86,327 ($142,757)
	$118,742 ($207,684)
	$111,652 ($184,695)
	$94,171 ($175,232)
	$71,524 ($141,190)
	$77,760 ($240,722)
	$85,417 ($157,104)

	Pharmacy costs, PPPM mean (SD)
	$302 
($1275)
	$2504 ($4480)
	$2576 
($4158)
	$3369 ($5577)
	$3178 ($5239)
	$2600 ($4761)
	$2006 
($4148)
	$2187 ($6407)
	$2409 ($4290)

	COVID-19-related costs, 2023 USD

	Total costs (medical + pharmacy), 
mean (SD)
	$1583 ($22,929)
	$14,545 ($187,442)
	$2938 ($22,650)
	$777 
($3921)
	$4499 ($21,900)
	$6673 ($59,295)
	$12,840 ($51,067)
	$15,837 ($115,314)
	$11,895 ($127,301)

	Total costs (medical + pharmacy), 
PPPM mean (SD)
	$46 
($732)
	$439 
($5001)
	$95 
($733)
	$22 
($105)
	$143 
($675)
	$204 
($1789)
	$416 
($1780)
	$516 
($4031)
	$363 
($3431)

	Inpatient hospitalization costs, 
mean (SD)
	$1295 ($22,591)
	$13,079 ($186,681)
	$1347 ($10,915)
	$486 
($3674)
	$3956 ($21,075)
	$6024 ($58,407)
	$11,365 ($49,182)
	$14,797 ($114,446)
	$10,433 ($126,182)

	Inpatient hospitalization costs, 
PPPM mean (SD)
	$38 
($722)
	$392 
($4972)
	$47 
($452)
	$12 
($95)
	$126 
($645)
	$184 
($1750)
	$368 
($1719)
	$484 
($4006)
	$316 
($3389)

	ED visit costs, mean (SD)
	$128 ($1130)
	$344 ($2145)
	$232 ($1318)
	$168 ($1153)
	$110 ($743)
	$192 ($1248)
	$287 ($2356)
	$365 ($2108)
	$346 ($2187)

	ED visit costs, PPPM mean (SD)
	$4 ($33)
	$11 ($71)
	$7 ($40)
	$5 ($39)
	$4 ($36)
	$6 ($52)
	$9 ($73)
	$11 ($62)
	$11 ($73)

	OP visit costs, mean (SD)
	$127 
($1123)
	$1034 ($12,861)
	$1352 ($19,046)
	$116 
($604)
	$428 
($3445)
	$347 
($2921)
	$919 
($7762)
	$447 
($3662)
	$1032 ($13,247)

	OP visit costs, PPPM mean (SD)
	$4 ($37)
	$34 ($414)
	$41 ($548)
	$3 ($18)
	$13 ($99)
	$11 ($85)
	$30 ($270)
	$14 ($119)
	$33 ($423)

	SNF costs, mean (SD)
	$30 ($978)
	$82 ($1394)
	$0 ($0)
	$0 ($5)
	$0 ($8)
	$102 ($1253)
	$264 ($2526)
	$213 ($2607)
	$78 ($1376)

	SNF costs, PPPM mean (SD)
	$1 ($29)
	$3 ($48)
	$0 ($0)
	$0 ($0)
	$0 ($0)
	$3 ($36)
	$9 ($89)
	$7 ($93)
	$3 ($47)

	Pharmacy costs, mean (SD)
	$3 ($77)
	$7 ($91)
	$8 ($91)
	$7 ($84)
	$5 ($63)
	$9 ($178)
	$6 ($79)
	$15 ($281)
	$7 ($93)

	Pharmacy costs, PPPM mean (SD)
	$0 ($2)
	$0 ($3)
	$0 ($4)
	$0 ($6)
	$0 ($3)
	$0 ($4)
	$0 ($3)
	$0 ($7)
	$0 ($3)


CMC=chronic medical condition; ED=emergency department; IC=immunocompromised; OP=outpatient; PPPM=per patient per month; SD=standard deviation; SMD=standardized mean difference; SNF=skilled nursing facility; USD=United States dollars.
Statistical comparisons are made between the general population and the IC cohort. For the IC subgroups by age and number of CMCs, all statistical comparisons are made between each subgroup and the reference (<65 years with 0 CMC). For the matched cohort, statistical comparisons are made between the high-risk general population and the matched IC population. Statistically significant differences (p<0.05 or SMD at values above 0.1 or below −0.1) are indicated by bold type.


Table S4. Post-index all-cause and COVID-19-related healthcare costs 
	Costs
	Overall cohorts
	IC subgroups by age and number of CMCs
	Matched cohorts

	
	General population
	IC cohort
	<65 years with 0 CMC
	≥65 years with 0 CMC
	≥65 years with 1 CMC
	≥65 years with 2 CMCs
	≥65 years with 3+ CMCs
	High-risk general population
	Matched IC cohort

	Number of patients, N
	458,163
	8025
	1265
	265
	504
	657
	1744
	7410
	7410

	All-cause costs, 2023 USD

	Total costs (medical + pharmacy), 
mean (SD)
	$9476 
($39,630)
	$91,703 ($208,824); p<0.001
	$83,817 ($206,345)
	$73,106 ($157,733); p=0.877
	$68,593 ($127,138); p=0.568
	$69,571 ($133,413); p=0.519
	$77,501 ($171,488); p=0.001
	$49,154 ($137,622)
	$86,762 ($199,438); p<0.001

	Total costs (medical + pharmacy), 
PPPM mean (SD)
	$2235 
($11,350)
	$20,993 ($53,443); p<0.001
	$16,663 ($37,606)
	$19,428 ($60,401); p=0.730
	$15,361 ($24,854); p=0.17
	$16,563 ($27,174); p=0.017
	$19,277 ($36,572); p<0.001
	$11,466 ($31,695)
	$19,728 ($52,799); p<0.001

	Inpatient hospitalization costs, 
mean (SD)
	$3063 
($32,521)
	$33,414 ($146,034); p<0.001
	$18,765 ($124,996)
	$19,895 ($105,905); p<0.001
	$16,928 ($54,683); p<0.001
	$22,284 ($56,968); p<0.001
	$32,511 ($112,440); p<0.001
	$21,179 ($106,955)
	$31,451 ($144,405); p<0.001

	Inpatient hospitalization costs, 
PPPM mean (SD)
	$860 
($10,618)
	$10,087 ($49,236); p<0.001
	$5007 
($29,823)
	$8792 ($55,857); p<0.001
	$5916 ($20,788); p<0.001
	$7561 ($20,997); p<0.001
	$10,899 ($32,940); p<0.001
	$6011 
($28,864)
	$9383 ($49,144); p<0.001

	ED visit costs, mean (SD)
	$835 
($3931)
	$1728 
($6563); p<0.001
	$1406 
($6246)
	$1088 
($4173); p=0.512
	$791 
($2126); p=0.003
	$1173 ($3716); p<0.001
	$1457 ($4205); p<0.001
	$1907 
($7679)
	$1676 
($6471); p=0.76

	ED visit costs, PPPM mean (SD)
	$213 
($1016)
	$425 
($1547); p<0.001
	$340 
($1329)
	$345 
($1671); p=0.439
	$191 
($595); p=0.003
	$296 
($905); p<0.001
	$395 
($1382); p<0.001
	$445 
($1754)
	$415 
($1491); p=0.819

	OP visit costs, mean (SD)
	$3558 
($13,954)
	$40,292 ($111,421); p<0.001
	$46,077 ($139,586)
	$30,297 ($89,741); p=0.215
	$31,126 ($95,503); p<0.001
	$31,925 ($101,364); p=0.001
	$30,247 ($92,076); p=0.012
	$12,697 ($49,907)
	$37,844 ($104,157); p<0.001

	OP visit costs, PPPM mean (SD)
	$719 
($2606)
	$7338 ($17,318); p<0.001
	$8150 
($19,416)
	$6080 
($16,202); p=0.139
	$5399 ($12,671); p<0.001
	$5787 ($14,958); p=0.002
	$5355 
($12,723); p=0.624
	$2406 
($9288)
	$6873 ($16,082); p<0.001

	SNF costs, mean (SD)
	$137 
($2408)
	$694 
($5469); p<0.001
	$147 
($2685)
	$434 
($3217); p=0.003
	$600 
($3821); p<0.001
	$990 
($5979); p<0.001
	$2073 ($9986); p<0.001
	$1205 
($7545)
	$661 ($5375); p<0.001

	SNF costs, PPPM mean (SD)
	$33 
($601)
	$1745 
($1390); p<0.001
	$22 
($360)
	$98 
($736); p=0.003
	$153 
($881); p<0.001
	$252 
($1941); p<0.001
	$543 
($2524); p<0.001
	$292 
($2190)
	$171 
($1410); p<0.001

	Pharmacy costs, mean (SD)
	$1883 
($10,416)
	$15,576 ($37,974); p<0.001
	$17,423 ($39,633)
	$21,392 ($43,474); p=0.855
	$19,148 ($44,370); p=0.351
	$13,201 ($34,307); p=0.22
	$11,213 ($32,829); p=0.004
	$12,166 ($55,020)
	$15,130 ($37,068); p=0.001

	Pharmacy costs, PPPM mean (SD)
	$410 
($1671)
	$2968 
($6188); p<0.001
	$3144 
($5983)
	$4114 
($7188); p=0.912
	$3703 
($7248); p=0.683
	$2668 
($5784); p=0.345
	$2084 
($5204); p=0.055
	$2311 
($7576)
	$2887 ($5997); p=0.001

	COVID-19-related costs, 2023 USD

	Total costs (medical + pharmacy), 
mean (SD)
	$2102 ($24,156)
	$21,226 ($112,746); p<0.001
	$12,557 ($98,306)
	$18,207 ($98,033); p=0.176
	$11,050 ($34,700); p=0.009
	$14,947 ($43,161); p<0.001
	$18,833 ($53,221); p<0.001
	$13,054 ($74,401)
	$19,933 ($111,545); p<0.001

	Total costs (medical + pharmacy), 
PPPM mean (SD)
	$801 
($9795)
	$7991 ($46,639); p<0.001
	$3427 
($20,288)
	$8492 
($56,114); p=0.162
	$5082 ($19,690); p=0.003
	$6143 ($19,830); p<0.001
	$8625 
($31,229); p<0.001
	$4715 
($25,923)
	$7492 ($46,942); p<0.001

	Total costs (medical + pharmacy), 
capped PPPM mean (SD)
	$515 
($2003)
	$3613 ($6009); p<0.001
	$1425 
($3881)
	$2219 ($4648); p=0.190
	$2705 ($5257); p=0.016
	$3168 ($5421); p<0.001
	$4191 ($6063); p<0.001
	$2326 
($4824)
	$2691 ($5181); p<0.001

	Inpatient hospitalization costs, 
mean (SD)
	$1439 
($23,953)
	$18,784 ($110,922); p<0.001
	$9359 
($94,742)
	$16,395 ($97,636); p<0.001
	$9701 ($33,855); p<0.001
	$13,429 ($42,495); p<0.001
	$17,041 ($52,286); p<0.001
	$11,772 ($74,209)
	$17,494 ($109,549); p=0.049

	Inpatient hospitalization costs, 
PPPM mean (SD)
	$546 
($9732)
	$7308 ($46,478); p<0.001
	$2665 
($19,992)
	$7864 ($55,603); p<0.001
	$4661 ($19,644); p<0.001
	$5751 ($19,710); p<0.001
	$8005 
($31,116); p<0.001
	$4285 
($25,838)
	$6809 ($46,769); p=0.047

	Inpatient hospitalization costs, 
capped PPPM mean (SD)
	$259 
($1750)
	$2232 ($4870); p<0.001
	$798 
($3185)
	$1638 ($4242); p<0.001
	$2228 ($4832); 
p<0.001
	$2708 ($5112); p<0.001
	$3561 ($5655); p<0.001
	$1874 
($4479)
	$2072 ($4714); p=0.061

	ED visit costs, mean (SD)
	$304 
($1868)
	$566 
($2979); p<0.001
	$506 
($2568)
	$569 
($2606); p=0.107
	$225 
($793); p=0.011
	$408 
($1561); p<0.001
	$389 
($1906); p<0.001
	$458 
($2417)
	$539 
($2580); p=0.006

	ED visit costs, PPPM mean (SD)
	$108 
($728)
	$207 
($1173); p<0.001
	$173 
($941)
	$245 
($1564); p=0.103
	$73 
($304); p=0.009
	$161 
($707); p<0.001
	$183 
($1127); p<0.001
	$169 
($992)
	$201 
($1093); p=0.008

	ED visit costs, capped PPPM 
mean (SD)
	$81 
($373)
	$137 ($486); p<0.001
	$121 
($482)
	$134 ($493); p=0.106
	$72 ($292); p=0.007
	$129 ($450); p<0.001
	$132 ($468); p<0.001
	$119 
($453)
	$135 ($481); p=0.008

	OP visit costs, mean (SD)
	$250 
($1299)
	$1648 ($19,518); p<0.001
	$2590 
($26,597)
	$1047 ($4041); p<0.001
	$896 
($8080); p<0.001
	$855 
($7860); p<0.001
	$787($4599); p<0.001
	$377 
($1883)
	$1677 ($20,247); p<0.001

	OP visit costs, PPPM mean (SD)
	$88 
($436)
	$383 ($3232); p<0.001
	$528 
($3431)
	$301 ($1257); p<0.001
	$243 ($1746); p<0.001
	$152 ($749); p<0.001
	$220 ($1820); p<0.001
	$111 
($455)
	$389 ($3345); p=0.001

	OP visit costs, capped PPPM 
mean (SD)
	$77 
($96)
	$96 ($146); p<0.001
	$108 
($148)
	$89 ($144); p<0.001
	$81 ($138); p<0.001
	$81 ($136); p<0.001
	$83 ($142); p<0.001
	$78 
($116)
	$95 ($144); p=0.001

	SNF costs, mean (SD)
	$49 
($1370)
	$177 ($2242); p<0.001
	$31 
($682)
	$105 ($1360); p=0.001
	$183 ($1473); p<0.001
	$202 ($1714); p<0.001
	$591 ($4409); p<0.001
	$389 
($4486)
	$171 ($2229); p<0.001

	SNF costs, PPPM mean (SD)
	$13 
($413)
	$56 ($804); p<0.001
	$9 
($231)
	$23 ($258); p=0.001
	$74 ($589); p<0.001
	$41 ($409); p<0.001
	$199 ($1643); p<0.001
	$108 
($1713)
	$56 ($823); p<0.001

	SNF costs, capped PPPM 
mean (SD)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Pharmacy costs, mean (SD)
	$60 
($261)
	$51 
($242); p<0.001
	$71 
($281)
	$92 
($341); p=0.194
	$44 
($242); p<0.001
	$53 
($248); p<0.001
	$24 
($173); p<0.001
	$58 
($260)
	$53 
($246); p=0.145

	Pharmacy costs, PPPM mean (SD)
	$46 
($216)
	$37 
($190); p<0.001
	$52 
($225)
	$59 
($244); p=0.104
	$32 
($190); p<0.001
	$38 
($191); p<0.001
	$17 
($133); p<0.001
	$42 
($204)
	$38 
($194); p=0.212

	Pharmacy costs, capped PPPM mean (SD)
	$45 
($213)
	$36 ($186); p<0.001
	$51 
($223)
	$59 ($241); p=0.069
	$30 ($179); p<0.001
	$37 ($188); p<0.001
	$17 ($129); p<0.001
	$42 
($201)
	$37 ($189); p=0.211


CMC=chronic medical condition; ED=emergency department; IC=immunocompromised; OP=outpatient; PPPM=per patient per month; SD=standard deviation; SNF=skilled nursing facility; USD=United States dollars.
Statistical comparisons are made between the general population and the IC cohort. For the IC subgroups by age and number of CMCs, all statistical comparisons are made between each subgroup and the reference (<65 years with 0 CMC). For the matched cohort, statistical comparisons are made between the high-risk general population and the matched IC population. Statistically significant p-values are indicated by bold type.


Table S5. Propensity score model and standardized mean differences for IC cohort and general population  
	Dependent variables 
	 
	 

	IC cohort
	 
	 

	Potential dependent variables
	Pre-Match SMD
	Post-Match SMD

	Age on index date
	0.68849
	−0.14496

	Sex
	−0.03471
	−0.03773

	Health plan type
	0.29729
	0.15673

	Payor
	0.52112
	−0.10589

	Region
	0.17473
	0.02581

	Months in pre-infection period
	0.02355
	−0.00829

	Year and months of index date
	0.19121
	0.06354

	Race/Ethnicity
	0.29041
	0.07070

	Quartiles of SESI
	0.09658
	0.02999

	QCI score
	1.38382
	−0.01886

	 Amyloidosis 
	−0.13950
	−0.00142

	 Autoimmune rheumatic disorders
	−0.31059
	0.04162

	 Inflammatory bowel disease
	−0.25017
	0.06473

	 Multiple sclerosis
	−0.44302
	−0.00046

	 Psoriasis/Psoriatic arthritis 
	−0.05259
	0.02462

	Rheumatoid arthritis
	−0.40021
	0.10672

	Sarcoidosis 
	−0.12281
	0.00970

	Systemic lupus erythematous
	−0.36853
	0.03624

	Vasculitis/Vasculopathy
	−0.17214
	0.00915

	Primary immunodeficiency 
	−0.91505
	−0.02675

	CMC: Cerebrovascular diseases 
	−0.46049
	0.06864

	CMC: Chronic lung diseases
	−0.65182
	0.07787

	CMC: Chronic liver diseases 
	−0.24574
	0.02985

	CMC: Heart conditions 
	−0.74787
	0.08835

	CMC: Dementia
	−0.12056
	0.05563

	CMC: Obesity (BMI ≥30 kg/m2)
	−0.14945
	0.07131

	CMC: Number of CMCs
	0.82104
	−0.17637

	BL all-cause total costs, PPPM
	0.83461
	0.17080

	Quartiles of BL all-cause total costs, PPPM
	---
	---

	Index COVID-19: Ambulatory mild disease
	0.62549
	−0.00325

	BL COVID-related treatment: nirmatrelvir-boosted ritonavir
	−0.17004
	0.00646

	BL COVID-related treatment: molnupiravir
	−0.12503
	0.02637

	BL COVID-related treatment: remdesivir
	−0.21424
	0.01310

	COVID-19 vaccination status 7–59 days before index date
	−0.14584
	0.01068

	COVID-19 vaccination in the intake period 
	−0.31171
	0.02902

	COVID-19 diagnosis in the pre-infection period
	−0.20786
	0.01459




BL=baseline; BMI=body mass index; CMC=chronic medical condition; IC=immunocompromised; PPPM=per patient per month; QCI=Quan-Charlson Comorbidity Index; SESI=socioeconomic status index; SMD=standardized mean difference.
Statistically significant differences (SMD at values above 0.1 or below −0.1) are indicated by bold type. 


Table S6. Definition of severity of COVID-19 
	Severity of the first (index) COVID-19 case/SARS-CoV-2 infection was defined using WHO COVID-19 severity terminology and was based on healthcare encounter(s) occurring within the first 14 days of the index date in the post-infection period.

	Severe/critical
	Defined as ≥1 inpatient admission with COVID-19 diagnosis in any position and evidence of any of the following:
· Intensive care unit admission
· Supplemental oxygen, defined as high-flow oxygen via mask or nasal cannula, non-invasive ventilation, intubation/invasive mechanical ventilation, or extracorporeal membrane oxygenation
· Discharge status of expired 

	Moderate
	Defined as ≥1 inpatient admission with COVID-19 diagnosis in any position and did not meet the criteria for severe/critical as defined above

	Ambulatory/mild
	Defined as either of the following and did not meet the criteria for severe/critical or moderate as defined above:
· ≥1 claim for outpatient treatment/evaluation or management/consultation (e.g., emergency department, telehealth, or office visit) with COVID-19 diagnosis in any position 
· Positive COVID-19 PCR or antigen test only 

	Indicator for SARS-CoV-2 re-infection status was based on a positive COVID-19 PCR or antigen test or a medical encounter for treatment/evaluation or management/consultation (inpatient, emergency department, office visit, or telehealth visit) with a COVID-19 diagnosis code in any position. Patient was considered reinfected if they had evidence of ≥1 positive COVID-19 test/diagnosis ≥90 days after their first (index) COVID-19 diagnosis/positive test (aligned with CDC guidance).(31) 


CDC=Centers for Disease Control and Prevention; PCR=polymerase chain reaction; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; WHO=World Health Organization.


Table S7. Diagnoses within categories of chronic (non-immunocompromising) medical conditions of interest associated with increased risk for severe COVID-19
	Severe persistent asthma (Category 1)

	Cerebrovascular diseases (Category 2)

	Transient cerebral ischemic attacks and related syndromes 

	Vascular syndromes of brain in cerebrovascular diseases

	Nontraumatic subarachnoid hemorrhage

	Nontraumatic intracerebral hemorrhage

	Other and unspecified nontraumatic intracranial hemorrhage

	Cerebral infarction

	Occlusion and stenosis of precerebral arteries, not resulting in cerebral infarction

	Occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction

	Other cerebrovascular diseases 

	Cerebrovascular disorders in diseases classified elsewhere

	Sequelae of cerebrovascular disease

	Chronic lung diseases (Category 3)

	Bronchiectasis

	Chronic obstructive pulmonary disease

	Simple and mucopurulent chronic bronchitis

	Unspecified chronic bronchitis

	Emphysema

	Other chronic obstructive pulmonary disease

	Interstitial lung diseases

	Interstitial lung disease due to external agents

	Other interstitial pulmonary diseases, including pulmonary fibrosis

	Pulmonary embolism

	Pulmonary hypertension

	Chronic liver diseases (Category 4)

	Cirrhosis

	Non-alcoholic fatty liver disease 

	Alcoholic liver disease 

	Autoimmune hepatitis

	Cystic fibrosis (Category 5)

	Diabetes mellitus (Category 6)

	Diabetes mellitus, type 1

	Diabetes mellitus, type 2

	Disabilities (Category 7)

	Cerebral palsy

	Down syndrome 

	Motor neuron disease

	Muscular dystrophy

	Spina bifida

	Heart conditions (Category 8)

	Heart failure 

	 Rheumatic heart failure

	Hypertensive heart disease with heart failure

	Hypertensive heart and chronic kidney disease

	Heart failure

	Coronary artery disease

	Atherosclerotic heart disease of native coronary artery

	Coronary artery aneurysm and dissection

	Other forms of chronic ischemic heart disease

	Cardiomyopathy

	Human immunodeficiency virus (Category 9)

	Neurologic conditions limited to dementia (Category 10)

	Vascular dementia

	Dementia in other diseases classified elsewhere

	Unspecified dementia

	Alzheimer's disease

	Frontotemporal dementia

	Neurocognitive disorder with Lewy bodies (Lewy body dementia)

	Obesity (BMI ≥30 kg/m2) (Category 11)


BMI=body mass index.


Table S8. Code lists

Table S8a. ICD-10-CM diagnosis codes to identify COVID-19
	Code
	Description
	

	J12.82
	Pneumonia due to coronavirus disease 2019

	U07.1
	COVID-19
	


[bookmark: _Hlk183428920]ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.

Table 8b. ICD-10-CM diagnosis codes to identify hematologic malignancies
	Code
	
	Description

	C81%
	
	Hodgkin lymphoma

	C82%
	
	Follicular lymphoma

	C83%
	
	Non-follicular lymphoma

	C84%
	
	Mature T/NK-cell lymphomas

	C85%
	
	Other specified and unspecified types of non-Hodgkin lymphoma

	C86%
	
	Other specified types of T/NK-cell lymphoma

	C88%
	
	Malignant immunoproliferative diseases and certain other B-cell lymphomas

	C90%
	
	Multiple myeloma and malignant plasma cell neoplasms

	C91%
	
	Lymphoid leukemia

	C92%
	
	Myeloid leukemia

	C93%
	
	Monocytic leukemia

	C94%
	
	Other leukemias of specified cell type

	C95%
	
	Leukemia of unspecified cell type

	C96%
	
	Other and unspecified malignant neoplasms of lymphoid, hematopoietic, and related tissue

	D45
	
	Polycythemia vera

	D46%
	
	Myelodysplastic syndromes


ICD-10-CM codes with % include all child codes under the parent code.
ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.

Table S8c. ICD-10-CM diagnosis codes to identify solid tumor malignancies
	[bookmark: _Hlk183081143]Code
	
	Description

	C00%
	
	Malignant neoplasm of lip 

	C01%
	
	Malignant neoplasm of base of tongue 

	C02%
	
	Malignant neoplasm of other and unspecified parts of tongue

	C03%
	
	Malignant neoplasm of gum 

	C04%
	
	Malignant neoplasm of floor of mouth 

	C05%
	
	Malignant neoplasm of palate 

	C06%
	
	Malignant neoplasm of other and unspecified parts of mouth

	C07%
	
	Malignant neoplasm of parotid gland 

	C08%
	
	Malignant neoplasm of other and unspecified major salivary glands

	C09%
	
	Malignant neoplasm of tonsil 

	C10%
	
	Malignant neoplasm of oropharynx 

	C11%
	
	Malignant neoplasm of nasopharynx 

	C12%
	
	Malignant neoplasm of pyriform sinus 

	C13%
	
	Malignant neoplasm of hypopharynx 

	C14%
	
	Malignant neoplasm of other and ill-defined sites in the lip, oral cavity, and pharynx

	C15%
	
	Malignant neoplasm of esophagus 

	C16%
	
	Malignant neoplasm of stomach 

	C17%
	
	Malignant neoplasm of small intestine 

	C18%
	
	Malignant neoplasm of colon 

	C19%
	
	Malignant neoplasm of rectosigmoid junction 

	C20%
	
	Malignant neoplasm of rectum 

	C21%
	
	Malignant neoplasm of anus and anal canal 

	C22%
	
	Malignant neoplasm of liver and intrahepatic bile 

	C23%
	
	Malignant neoplasm of gallbladder 

	C24%
	
	Malignant neoplasm of other and unspecified parts of biliary tract

	C25%
	
	Malignant neoplasm of pancreas 

	C26%
	
	Malignant neoplasm of other and ill-defined digestive organs 

	C30%
	
	Malignant neoplasm of nasal cavity and middle ear 

	C31%
	
	Malignant neoplasm of accessory sinuses 

	C32%
	
	Malignant neoplasm of larynx 

	C33%
	
	Malignant neoplasm of trachea 

	C34%
	
	Malignant neoplasm of bronchus and lung 

	C37%
	
	Malignant neoplasm of thymus 

	C38%
	
	Malignant neoplasm of heart, mediastinum, and pleura

	C39%
	
	Malignant neoplasm of other and ill-defined sites in the respiratory system and intrathoracic organs

	C40%
	
	Malignant neoplasm of bone and articular cartilage 

	C41%
	
	Malignant neoplasm of bone and articular cartilage of other and unspecified sites

	C43%
	
	Malignant melanoma of skin 

	C44%
	
	Other and unspecified malignant neoplasm of skin

	C4A%
	
	Merkel cell carcinoma

	C45%
	
	Mesothelioma 

	C46%
	
	Kaposi's sarcoma 

	C47%
	
	Malignant neoplasm of peripheral nerves and autonomic nervous system

	C48%
	
	Malignant neoplasm of retroperitoneum and peritoneum

	C49%
	
	Malignant neoplasm of other connective and soft tissue

	C50%
	
	Malignant neoplasm of breast 

	C51%
	
	Malignant neoplasm of vulva 

	C52%
	
	Malignant neoplasm of vagina 

	C53%
	
	Malignant neoplasm of cervix uteri 

	C54%
	
	Malignant neoplasm of corpus uteri 

	C55%
	
	Malignant neoplasm of uterus, part unspecified 

	C56%
	
	Malignant neoplasm of ovary 

	C57%
	
	Malignant neoplasm of other and unspecified female genital organs

	C58%
	
	Malignant neoplasm of placenta 

	C60%
	
	Malignant neoplasm of penis 

	C61%
	
	Malignant neoplasm of prostate 

	C62%
	
	Malignant neoplasm of testis 

	C63%
	
	Malignant neoplasm of other and unspecified male genital organs

	C64%
	
	Malignant neoplasm of kidney, except renal pelvis 

	C65%
	
	Malignant neoplasm of renal pelvis 

	C66%
	
	Malignant neoplasm of ureter 

	C67%
	
	Malignant neoplasm of bladder 

	C68%
	
	Malignant neoplasm of other and unspecified urinary organs

	C69%
	
	Malignant neoplasm of eye and adnexa 

	C70%
	
	Malignant neoplasm of meninges 

	C71%
	
	Malignant neoplasm of brain 

	C72%
	
	Malignant neoplasm of spinal cord, cranial nerves, and other parts of central nervous system

	C73%
	
	Malignant neoplasm of thyroid gland 

	C74%
	
	Malignant neoplasm of adrenal gland 

	C75%
	
	Malignant neoplasm of other endocrine glands and related structures 

	C76%
	
	Malignant neoplasm of other and ill-defined sites 

	C77%
	
	Secondary and unspecified malignant neoplasm of lymph nodes

	C78%
	
	Secondary malignant neoplasm of respiratory and digestive organs

	C79%
	
	Secondary malignant neoplasm of other and unspecified sites

	C7A%
	
	Malignant neuroendocrine tumors

	C7B%
	
	Secondary neuroendocrine tumors

	C80%
	
	Malignant neoplasm without specification of site


ICD-10-CM codes with % include all child codes under the parent code.
ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.


Table S8d. Diagnosis and procedure codes to identify hematopoietic stem cell/bone marrow transplants
	Code Set
	Code
	Description

	ICD-10-CM
	D47.Z1
	Post-transplant lymphoproliferative disorder

	ICD-10-CM
	D89.81%
	Graft-versus-host disease 

	ICD-10-CM
	T86.0%
	Complications of bone marrow transplant

	ICD-10-CM
	T86.5%
	Complications of stem cell transplant

	ICD-10-CM
	Z48.290
	Encounter for aftercare following bone marrow transplant

	ICD-10-CM
	Z94.81
	Bone marrow transplant status

	ICD-10-CM
	Z94.84
	Stem cells transplant status

	CPT
	38240
	Hematopoietic progenitor cell; allogeneic transplantation per donor

	CPT
	38241
	Hematopoietic progenitor cell; autologous transplantation

	CPT
	38242
	Allogeneic lymphocyte infusions

	CPT
	38243
	Infusion of hematopoietic progenitor cells (same transplant donor as previous hematopoietic progenitor cell transplant)


ICD-10-CM codes with % include all child codes under the parent code.
CPT=Common Procedural Terminology; ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.

Table S8e. Diagnosis and procedure codes to identify islet cell and solid organ transplants
	Code Set
	Code
	Description

	ICD-10-CM
	D47.Z1
	Post-transplant lymphoproliferative disorder

	ICD-10-CM
	T86.1%
	Complications of kidney transplant

	ICD-10-CM
	T86.2%
	Complications of heart transplant

	ICD-10-CM
	T86.3%
	Complications of heart-lung transplant

	ICD-10-CM
	Z48.288
	Encounter for aftercare following multiple organ transplant

	ICD-10-CM
	T86.4%
	Complications of liver transplant

	ICD-10-CM
	T86.81%
	Complications of lung transplant

	ICD-10-CM
	T86.85%
	Complication of intestine transplant

	ICD-10-CM
	Z48.21
	Encounter for aftercare following heart transplant

	ICD-10-CM
	Z48.22
	Encounter for aftercare following kidney transplant

	ICD-10-CM
	Z48.23
	Encounter for aftercare following liver transplant

	ICD-10-CM
	Z48.24
	Encounter for aftercare following lung transplant

	ICD-10-CM
	Z48.280
	Encounter for aftercare following heart-lung transplant

	ICD-10-CM
	Z94.0
	Kidney transplant status

	ICD-10-CM
	Z94.1
	Heart transplant status

	ICD-10-CM
	Z94.2
	Lung transplant status

	ICD-10-CM
	Z94.3
	Heart and lungs transplant status

	ICD-10-CM
	Z94.4
	Liver transplant status

	ICD-10-CM
	Z94.82
	Intestine transplant status

	ICD-10-CM
	Z94.83
	Pancreas transplant status

	CPT
	0584T
	Pancreatic beta islet cells transplant; cells infused into portal vein through tube inserted through a small skin incision in the abdomen; from patient or donor

	CPT
	0585T
	Pancreatic beta islet cells transplant; cells infused into portal vein through tube inserted using laparoscopic techniques; from patient or donor

	CPT
	0586T
	Pancreatic beta islet cells transplant using open (laparotomy) technique; cells infused into portal vein through tube inserted through an incision in the abdomen; from patient or donor

	CPT
	32851
	Lung transplant, single; without cardiopulmonary bypass

	CPT
	32852
	Lung transplant, single; with cardiopulmonary bypass

	CPT
	32853
	Lung transplant, double (bilateral sequential or en bloc); without cardiopulmonary bypass

	CPT
	32854
	Lung transplant, double (bilateral sequential or en bloc); with cardiopulmonary bypass

	CPT
	33935
	Heart-lung transplant with recipient cardiectomy-pneumonectomy

	CPT
	33945
	Heart transplant, with or without recipient cardiectomy

	CPT
	44135
	Intestinal allotransplantation; from cadaver donor

	CPT
	44136
	Intestinal allotransplantation; from living donor

	CPT
	47135
	Liver allotransplantation, orthotopic, partial or whole, from cadaver or living donor, any age

	CPT
	48160
	Pancreatic tissue or islet cell transplant

	CPT
	48554
	Transplantation of pancreatic allograft

	CPT
	50360
	Renal allotransplantation, implantation of graft; without recipient nephrectomy

	CPT
	50365
	Renal allotransplantation, implantation of graft; with recipient nephrectomy

	HCPCS
	G0341
	Percutaneous islet cell transplant, includes portal vein catheterization and infusion

	HCPCS
	G0342
	Laparoscopy for islet cell transplant, includes portal vein catheterization and infusion

	HCPCS
	G0343
	Laparotomy for islet cell transplant, includes portal vein catheterization and infusion

	HCPCS
	S2102
	Islet cell tissue transplant from pancreas; allogeneic

	HCPCS
	S2053
	Transplantation of small intestine and liver allografts

	HCPCS
	S2065
	Simultaneous pancreas-kidney transplantation


ICD-10-CM codes with % include all child codes under the parent code.
CPT=Current Procedural Terminology; HCPCS=Healthcare Common Procedure Coding System; ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.

Table S8f. Diagnosis and procedure codes to identify chronic kidney disease stage 5, end-stage kidney disease, and dialysis
	Code Set
	Code
	Description

	Chronic kidney disease stage 5

	ICD-10-CM
	N18.5
	Chronic kidney disease stage 5

	End-stage kidney disease with evidence of chronic/maintenance dialysis

	ICD-10-CM
	N18.6
	End-stage kidney disease

	ICD-10-CM
	Z49%
	Encounter for care involving renal dialysis

	ICD-10-CM
	Z99.2
	Dependence on renal dialysis

	Dialysis

	CPT
	36800
	Insertion of cannula for hemodialysis, other purpose (separate procedure); vein to vein

	CPT
	36810
	Insertion of cannula for hemodialysis, other purpose (separate procedure); arteriovenous, external (Scribner type)

	CPT
	36815
	Insertion of cannula for hemodialysis, other purpose (separate procedure); arteriovenous, external revision, or closure

	CPT
	36818
	Hemodialysis access, intervascular cannulation for extracorporeal circulation, or shunt insertion procedures on arteries and veins

	CPT
	36819
	Hemodialysis access, intervascular cannulation for extracorporeal circulation, or shunt insertion procedures on arteries and veins

	CPT
	36820
	Hemodialysis access, intervascular cannulation for extracorporeal circulation, or shunt insertion procedures on arteries and veins

	CPT
	36821
	Hemodialysis access, intervascular cannulation for extracorporeal circulation, or shunt insertion procedures on arteries and veins

	CPT
	90935
	Hemodialysis procedure with single evaluation by a physician or other qualified health care professional

	CPT
	90937
	Hemodialysis procedure requiring repeated evaluation(s) with or without substantial revision of dialysis prescription

	CPT
	90940
	Hemodialysis access flow study to determine blood flow in grafts and arteriovenous fistulae by an indicator method

	CPT
	90945
	Dialysis procedure other than hemodialysis (e.g., peritoneal dialysis, hemofiltration, or other continuous renal replacement therapies), with single evaluation by a physician or other qualified health care professional

	CPT
	90947
	Dialysis procedure other than hemodialysis (e.g., peritoneal dialysis, hemofiltration, or other continuous renal replacement therapies) requiring repeated evaluations by a physician or other qualified health care professional, with or without substantial revision of dialysis prescription

	CPT
	90957
	ESKD-related services monthly, for patients 12–19 years of age to include monitoring for the adequacy of nutrition, assessment of growth and development, and counseling of parents; with 4 or more face-to-face visits by a physician or other qualified health care professional per month

	CPT
	90958
	ESKD-related services monthly, for patients 12–19 years of age to include monitoring for the adequacy of nutrition, assessment of growth and development, and counseling of parents; with 2–3 face-to-face visits by a physician or other qualified health care professional per month

	CPT
	90959
	ESKD-related services monthly, for patients 12–19 years of age to include monitoring for the adequacy of nutrition, assessment of growth and development, and counseling of parents; with 1 face-to-face visit by a physician or other qualified health care professional per month

	CPT
	90960
	ESKD-related services monthly, for patients 20 years of age and older; with 
4 or more face-to-face visits by a physician or other qualified health care professional per month

	CPT
	90961
	ESKD-related services monthly, for patients 20 years of age and older; with 
2–3 face-to-face visits by a physician or other qualified health care professional per month

	CPT
	90962
	ESKD-related services monthly, for patients 20 years of age and older; with 
1 face-to-face visit by a physician or other qualified health care professional per month

	CPT
	90965
	ESKD-related services for home dialysis per full month, for patients 
12–19 years of age to include monitoring for the adequacy of nutrition, assessment of growth and development, and counseling of parents

	CPT
	90966
	ESKD-related services for home dialysis per full month, for patients 20 years of age and older

	CPT
	90969
	ESKD-related services for dialysis less than a full month of service, per day; for patients 12–19 years of age

	CPT
	90970
	ESKD-related services for dialysis less than a full month of service, per day; for patients 20 years of age and older

	CPT
	99512
	Home visit for hemodialysis

	CPT
	0507F
	Peritoneal dialysis plan of care documented (ESKD)

	CPT
	3066F
	Documentation of treatment for nephropathy (e.g., patient receiving dialysis, patient being treated for ESKD, chronic renal failure, acute renal failure, or renal insufficiency, any visit to a nephrologist) 

	CPT
	4052F
	Hemodialysis via functioning arteriovenous fistula (ESKD)

	CPT
	4053F
	Hemodialysis via functioning arteriovenous graft (ESKD)

	CPT
	4054F
	Hemodialysis via catheter (ESKD)

	CPT
	4055F
	Patient receiving peritoneal dialysis (ESKD)

	HCPCS
	G8714
	Hemodialysis treatment performed exactly 3 times per week for >90 days

	HCPCS
	G8956
	Patient receiving maintenance hemodialysis in an outpatient dialysis facility

	HCPCS
	G9265
	Patient receiving maintenance hemodialysis for greater than or equal to 90 days with a catheter as the mode of vascular access

	HCPCS
	G9266
	Patient receiving maintenance hemodialysis for greater than or equal to 90 days without a catheter as the mode of vascular access

	HCPCS
	S9335
	Home therapy, hemodialysis; administrative services, professional pharmacy services, care coordination, and all necessary supplies and equipment (drugs and nursing services coded separately), per diem

	HCPCS
	S9339
	Home therapy; peritoneal dialysis, administrative services, professional pharmacy services, care coordination and all necessary supplies and equipment (drugs and nursing visits coded separately), per diem


ICD-10-CM codes with % include all child codes under the parent code.
CPT=Current Procedural Terminology; ESKD=end-stage kidney disease; HCPCS=Healthcare Common Procedure Coding System; ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.

Table S8g. ICD-10-CM diagnosis codes to identify moderate to severe primary immunodeficiencies
	Code
	
	Description

	D80%
	
	Immunodeficiency with predominantly antibody defects

	D81.0
	
	Severe combined immunodeficiency with reticular dysgenesis

	D81.1
	
	Severe combined immunodeficiency with low T- and B-cell numbers

	D81.2
	
	Severe combined immunodeficiency with low or normal B-cell numbers

	D81.31
	
	Severe combined immunodeficiency due to adenosine deaminase deficiency

	D81.4
	
	Nezelof's syndrome

	D81.5
	
	Purine nucleoside phosphorylase deficiency

	D81.6
	
	Major histocompatibility complex class I deficiency

	D81.7
	
	Major histocompatibility complex class II deficiency

	D81.8%
	
	Other combined immunodeficiencies

	D81.9
	
	Combined immunodeficiency, unspecified

	D82%
	
	Immunodeficiency associated with other major defects

	D83%
	
	Common variable immunodeficiency

	D84.0
	
	Lymphocyte function antigen-1 defect

	D84.8%
	
	Other specified immunodeficiencies

	D84.9
	
	Immunodeficiency, unspecified

	D89.0
	
	Polyclonal hypergammaglobulinemia

	D89.1
	
	Cryoglobulinemia

	D89.3
	
	Immune reconstitution syndrome

	D89.4%
	
	Mast cell activation syndrome and related disorders

	D89.82
	
	Autoimmune lymphoproliferative syndrome

	D89.83%
	
	Cytokine release syndrome

	D89.84
	
	IgG4-related disease

	D89.89
	
	Other specified disorders involving the immune mechanism, not elsewhere classified


ICD-10-CM codes with % include all child codes under the parent code.
ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification; IgG=immunoglobulin G.

Table S8h. Codes to identify immunosuppressive drugs for treatment of hematologic and solid tumor malignancies, prevention of transplant rejection, and other uses (e.g., treatment of immune-mediated inflammatory disease) 
	Code Set
	Code
	Non-proprietary name
	Description

	HCPCS
	J0129
	Abatacept 
	Injection, abatacept, 10 mg 

	GPI
	—
	Abemaciclib
	—

	GPI
	—
	Acalabrutinib
	—

	GPI
	—
	Adagrasib
	—

	HCPCS
	J9354
	Ado-trastuzumab
	Injection, ado-trastuzumab emtansine, 1 mg

	GPI
	—
	Afatinib
	—

	HCPCS
	J9015
	Aldesleukin
	Injection, aldesleukin, per single use vial

	GPI
	—
	Alectinib
	—

	HCPCS
	J0202
	Alemtuzumab
	Injection, alemtuzumab, 1 mg

	HCPCS
	J9010
	Alemtuzumab
	Injection, alemtuzumab, 10 mg

	HCPCS
	Q9979
	Alemtuzumab
	Injection, alemtuzumab, 1 mg

	GPI
	—
	Alpelisib
	—

	GPI
	—
	Altretamine
	—

	HCPCS
	J9061
	Amivantamab
	Injection, amivantamab-vmjw, 2 mg

	ICD-10-PCS
	XW033B7
	Amivantamab
	Introduction of amivantamab monoclonal antibody into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043B7
	Amivantamab
	Introduction of amivantamab monoclonal antibody into central vein, percutaneous approach, new technology group 7

	HCPCS
	C9086
	Anifrolumab
	Injection, anifrolumab-fnia, 1 mg

	HCPCS
	J0491
	Anifrolumab
	Injection, anifrolumab-fnia, 1 mg

	HCPCS
	J7504
	Anti-thymocyte globulin, equine
	Lymphocyte immune globulin, anti-thymocyte globulin, equine, parenteral, 250 mg

	HCPCS
	J7511
	Anti-thymocyte globulin, rabbit
	Lymphocyte immune globulin, anti-thymocyte globulin, rabbit, parenteral, 25 mg

	HCPCS
	J9017
	Arsenic trioxide
	Injection, arsenic trioxide, 1 mg

	GPI
	—
	Asciminib
	—

	HCPCS
	J9019
	Asparaginase
	Injection, asparaginase (Erwinaze), 1,000 IU

	HCPCS
	J9020
	Asparaginase
	Injection, asparaginase, not otherwise specified, 
10,000 units

	HCPCS
	J9021
	Asparaginase
	Injection, asparaginase, recombinant, (Rylaze), 0.1 mg

	HCPCS
	J9022
	Atezolizumab
	Injection, atezolizumab, 10 mg

	ICD-10-PCS
	XW033D6
	Atezolizumab
	Introduction of atezolizumab antineoplastic into peripheral vein, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW043D6
	Atezolizumab
	Introduction of atezolizumab antineoplastic into central vein, percutaneous approach, new technology group 6

	GPI
	—
	Avapritinib
	—

	HCPCS
	J9023
	Avelumab
	Injection, avelumab, 10 mg

	GPI
	—
	Axitinib
	—

	HCPCS 
	J9025
	Azacitidine
	Injection, azacitidine, 1 mg

	HCPCS
	J7500
	Azathioprine
	Azathioprine, oral, 50 mg

	HCPCS
	J7501
	Azathioprine
	Azathioprine, parenteral, 100 mg

	HCPCS
	J0480
	Basiliximab
	Injection, basiliximab, 20 mg

	HCPCS
	J9037
	Belantamb
	Injection, belantamab mafodotin-blmf, 0.5 mg

	HCPCS
	J0485
	Belatacept
	Injection, belatacept, 1 mg

	HCPCS
	J0490
	Belimumab
	Injection, belimumab, 10 mg

	HCPCS 
	J9032
	Belinostat
	Injection, belinostat, 10 mg 

	GPI
	—
	Belzutifan
	—

	HCPCS
	J9056
	Bendamustine
	Injection, bendamustine hydrochloride (Vivimusta), 
1 mg

	HCPCS
	J9058
	Bendamustine
	Injection, bendamustine hydrochloride (Apotex), 1 mg

	HCPCS
	J9059
	Bendamustine
	Injection, bendamustine hydrochloride (Baxter), 1 mg

	HCPCS
	C9042
	Bendamustine
	Injection, bendamustine HCl (Belrapzo), 1 mg

	HCPCS 
	J9033
	Bendamustine
	Injection, bendamustine HCl (Treanda), 1 mg

	HCPCS 
	J9034
	Bendamustine
	Injection, bendamustine HCl (Bendeka), 1 mg

	HCPCS 
	J9036
	Bendamustine
	Injection, bendamustine HCl, (Belrapzo/ bendamustine), 1 mg

	HCPCS
	C9142
	Bevacizumab
	Injection, bevacizumab-maly, biosimilar, (Alymsys), 
10 mg

	HCPCS 
	C9257
	Bevacizumab
	Injection, bevacizumab, 0.25 mg

	HCPCS 
	J9035
	Bevacizumab
	Injection, bevacizumab, 10 mg

	HCPCS 
	Q5107
	Bevacizumab
	Injection, bevacizumab-awwb, biosimilar, (Mvasi), 
10 mg

	HCPCS 
	Q5118
	Bevacizumab
	Injection, bevacizumab-bvzr, biosimilar, (Zirabev), 
10 mg

	HCPCS 
	Q5126
	Bevacizumab
	Injection, bevacizumab-maly, biosimilar, (Alymsys), 
10 mg

	HCPCS 
	Q5129
	Bevacizumab
	Injection, bevacizumab-adcd (Vegzelma), biosimilar, 10 mg

	GPI
	—
	Bexarotene
	—

	GPI
	—
	Binimetinib
	—

	HCPCS 
	J9040
	Bleomycin
	Injection, bleomycin sulfate, 15 units 

	HCPCS
	C9449 
	Blinatumomab
	Injection, blinatumomab, 1 mcg

	HCPCS
	J9039
	Blinatumomab
	Injection, blinatumomab, 1 mcg

	HCPCS 
	J9051
	Bortezomib
	Injection, bortezomib (Maia), not therapeutically equivalent to J9041, 0.1 mg

	HCPCS 
	J9044
	Bortezomib
	Injection, bortezomib, not otherwise specified, 0.1 mg

	HCPCS 
	J9041
	Bortezomib
	Injection, bortezomib, 0.1 mg

	HCPCS 
	J9046
	Bortezomib
	Injection, bortezomib (Dr. Reddy's), not therapeutically equivalent to J9041, 0.1 mg

	HCPCS 
	J9048
	Bortezomib
	Injection, bortezomib (Fresenius Kabi), not therapeutically equivalent to J9041, 0.1 mg

	HCPCS 
	J9049
	Bortezomib
	Injection, bortezomib (Hospira), not therapeutically equivalent to J9041, 0.1 mg

	GPI
	—
	Bosutinib
	—

	HCPCS
	J9042
	Brentuximab
	Injection, brentuximab vedotin, 1 mg

	GPI
	—
	Brigatinib
	

	HCPCS 
	J8510 
	Busulfan
	Busulfan, oral, 2 mg

	HCPCS 
	J0594
	Busulfan
	Injection, busulfan, 1 mg

	HCPCS
	J9064
	Cabazitaxel
	Injection, cabazitaxel (Sandoz), not therapeutically equivalent to J9043, 1 mg

	HCPCS 
	J9043
	Cabazitaxel
	Injection, cabazitaxel, 1 mg

	GPI
	—
	Cabozantinib
	—

	HCPCS
	J9118
	Calaspargase pegol
	Injection, calaspargase pegol-mknl, 10 units

	HCPCS 
	J8520
	Capecitabine
	Capecitabine, oral, 150 mg

	HCPCS 
	J8521
	Capecitabine
	Capecitabine, oral, 500 mg

	GPI
	—
	Capivasertib
	—

	GPI
	—
	Capmatinib
	—

	HCPCS 
	J9045
	Carboplatin
	Injection, carboplatin, 50 mg

	HCPCS 
	J9047
	Carfilzomib
	Injection, carfilzomib, 1 mg 

	HCPCS
	J9052
	Carmustine
	Injection, carmustine (Accord), not therapeutically equivalent to J9050, 100 mg

	HCPCS 
	J9050
	Carmustine
	Injection, carmustine, 100 mg

	HCPCS
	C9044
	Cemiplimab
	Injection, cemiplimab-rwlc, 1 mg

	HCPCS
	J9119
	Cemiplimab
	Injection, cemiplimab-rwlc, 1 mg

	GPI
	—
	Ceritinib
	—

	HCPCS 
	J9055
	Cetuximab
	Injection, cetuximab, 10 mg

	HCPCS 
	S0172
	Chlorambucil
	Chlorambucil, oral, 2 mg

	HCPCS 
	J9060
	Cisplatin
	Injection, cisplatin, powder or solution, 10 mg

	HCPCS 
	J9065
	Cladribine
	Injection, cladribine, per 1 mg

	HCPCS 
	J9027
	Clofarabine
	Injection, clofarabine, 1 mg 

	ICD-10-PCS
	3E0300P 
	Clofarabine
	Introduction of clofarabine into peripheral vein, open approach

	ICD-10-PCS
	3E0330P
	Clofarabine
	Introduction of clofarabine into peripheral vein, percutaneous approach

	ICD-10-PCS
	3E0500P 
	Clofarabine
	Introduction of clofarabine into peripheral artery, open approach

	ICD-10-PCS
	3E0530P
	Clofarabine
	Introduction of clofarabine into peripheral artery, percutaneous approach

	ICD-10-PCS
	3E0430P
	Clofarabine
	Introduction of clofarabine into central vein, percutaneous approach

	ICD-10-PCS
	3E0400P
	Clofarabine
	Introduction of clofarabine into central vein, open approach

	ICD-10-PCS
	3E0630P 
	Clofarabine
	Introduction of clofarabine into central artery, percutaneous approach

	ICD-10-PCS
	3E0600P
	Clofarabine
	Introduction of clofarabine into central artery, open approach

	GPI
	—
	Cobimetinib
	—

	HCPCS
	C9030
	Copanlisib
	Injection, copanlisib, 1 mg

	HCPCS
	J9057
	Copanlisib
	Injection, copanlisib, 1 mg

	GPI
	—
	Crizotinib
	—

	HCPCS 
	J8530
	Cyclophosphamide
	Cyclophosphamide, oral, 25 mg

	HCPCS 
	C9087
	Cyclophosphamide
	Injection, cyclophosphamide, (AuroMedics), 10 mg

	HCPCS 
	J9071
	Cyclophosphamide
	Injection, cyclophosphamide, (AuroMedics), 5 mg

	HCPCS 
	J9070
	Cyclophosphamide
	Cyclophosphamide, 100 mg

	HCPCS 
	J9072
	Cyclophosphamide
	Injection, cyclophosphamide (Dr. Reddy's), 5 mg

	HCPCS 
	J9073
	Cyclophosphamide
	Injection, cyclophosphamide (Ingenus), 5 mg

	HCPCS 
	J9074
	Cyclophosphamide
	Injection, cyclophosphamide (Sandoz), 5 mg

	HCPCS 
	J9075
	Cyclophosphamide
	Injection, cyclophosphamide, not otherwise specified, 
5 mg

	HCPCS
	J7516
	Cyclosporine
	Injection, cyclosporine, 250 mg

	HCPCS
	J7502
	Cyclosporine
	Cyclosporine, oral, 100 mg

	HCPCS
	J7515
	Cyclosporine
	Cyclosporine, oral, 25 mg

	HCPCS 
	J9100
	Cytarabine
	Injection, cytarabine, 100 mg 

	HCPCS 
	J9098
	Cytarabine, liposomal
	Injection, cytarabine liposome, 10 mg

	HCPCS 
	C9024
	Cytarabine/daunorubicin, liposomal
	Injection, liposomal, 1 mg daunorubicin and 2.27 mg cytarabine 

	HCPCS
	J9153
	Cytarabine/daunorubicin, liposomal
	Injection, liposomal, 1 mg daunorubicin and 2.27 mg cytarabine

	ICD-10-PCS
	XW033B3 
	Cytarabine/daunorubicin, liposomal
	Introduction of cytarabine and daunorubicin liposome antineoplastic into peripheral vein, percutaneous approach, new technology group 3

	ICD-10-PCS
	XW043B3
	Cytarabine/daunorubicin, liposomal
	Introduction of cytarabine and daunorubicin liposome antineoplastic into central vein, percutaneous approach, new technology group 3

	GPI
	—
	Dabrafenib
	—

	HCPCS
	J9130
	Dacarbazine
	Injection, dacarbazine, 100 mg

	GPI
	—
	Dacomitinib
	—

	HCPCS 
	J9120
	Dactinomycin
	Injection, dactinomycin, 0.5 mg 

	HCPCS
	C9476
	Daratumumab
	Injection, daratumumab, 10 mg

	HCPCS
	J9145
	Daratumumab
	Injection, daratumumab, 10 mg

	HCPCS
	C9062
	Daratumumab/hyaluronidase
	Injection, daratumumab, 10 mg and hyaluronidase-fihj

	HCPCS
	J9144
	Daratumumab/hyaluronidase
	Injection, daratumumab, 10 mg and hyaluronidase-fihj

	ICD-10-PCS
	XW01318
	Daratumumab/hyaluronidase
	Introduction of daratumumab and hyaluronidase-fihj into subcutaneous tissue, percutaneous approach, new technology group 8

	GPI
	—
	Dasatinib
	—

	HCPCS 
	J9150
	Daunorubicin
	Injection, daunorubicin, 10 mg

	HCPCS 
	J0894
	Decitabine
	Injection, decitabine, 1 mg

	HCPCS 
	J0893
	Decitabine
	Injection, decitabine (Sun Pharma) not therapeutically equivalent to J0894, 1 mg

	GPI
	—
	Dinutuximab
	—

	HCPCS
	J9172
	Docetaxel
	Injection, docetaxel (Ingenus) not therapeutically equivalent to J9171, 1 mg

	HCPCS 
	J9171
	Docetaxel
	Injection, docetaxel, 1 mg

	HCPCS
	C9082
	Dostarlimab
	Injection, dostarlimab-gxly, 100 mg

	HCPCS
	J9272
	Dostarlimab
	Injection, dostarlimab-gxly, 10 mg

	HCPCS 
	J9000
	Doxorubicin
	Injection, doxorubicin HCl, 10 mg

	HCPCS 
	Q2049
	Doxorubicin, liposomal
	Injection, doxorubicin HCl, liposomal, imported Lipodox, 10 mg

	HCPCS 
	Q2050
	Doxorubicin, liposomal
	Injection, doxorubicin HCl, liposomal, not otherwise specified, 10 mg

	HCPCS 
	C9492 
	Durvalumab
	Injection, durvalumab, 10 mg

	HCPCS
	J9173
	Durvalumab
	Injection, durvalumab, 10 mg

	ICD-10-PCS
	XW03336
	Durvalumab
	Introduction of durvalumab antineoplastic into peripheral vein, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW04336 
	Durvalumab
	Introduction of durvalumab antineoplastic into central vein, percutaneous approach, new technology group 6

	GPI
	—
	Duvelisib
	—

	HCPCS
	C9477 
	Elotuzumab
	Injection, elotuzumab, 1 mg

	HCPCS
	J9176
	Elotuzumab
	Injection, elotuzumab, 1 mg

	HCPCS
	J1323
	Elranatamab
	Injection, elranatamab-bcmm, 1 mg

	ICD-10-PCS
	XW013L9
	Elranatamab
	Introduction of elranatamab antineoplastic into subcutaneous tissue, percutaneous approach, new technology group 9

	GPI
	—
	Enasidenib
	—

	GPI
	—
	Encorafenib
	—

	HCPCS 
	J9177
	Enfortumab
	Injection, enfortumab vedotin-ejfv, 0.25 mg

	GPI
	—
	Entrectinib
	—

	HCPCS
	C9155 
	Epcoritamab
	Injection, epcoritamab-bysp, 0.16 mg

	HCPCS
	J9321 
	Epcoritamab
	Injection, epcoritamab-bysp, 0.16 mg

	ICD-10-PCS
	XW013S9
	Epcoritamab
	Introduction of epcoritamab monoclonal antibody into subcutaneous tissue, percutaneous approach, new technology group 9

	HCPCS 
	J9178
	Epirubicin
	Injection, epirubicin HCl, 2 mg 

	ICD-10-PCS
	XW0DXL5
	Erdafitinib
	Introduction of erdafitinib antineoplastic into mouth and pharynx, external approach, new technology group 5

	HCPCS 
	J9179
	Eribulin
	Injection, eribulin mesylate, 0.1 mg

	GPI
	—
	Erlotinib
	—

	GPI
	—
	Estramustine
	—

	HCPCS 
	J9181
	Etoposide
	Injection, etoposide, 10 mg

	HCPCS 
	J8560
	Etoposide
	Etoposide, oral, 50 mg

	GPI
	—
	Etrasimod
	—

	HCPCS 
	J7527
	Everolimus
	Everolimus, oral, 0.25 mg

	HCPCS 
	J9358
	Fam-trastuzumab
	Injection, fam-trastuzumab deruxtecan-nxki, 1 mg

	GPI
	—
	Fedratinib
	—

	GPI
	—
	Fingolimod
	—

	HCPCS 
	J9200
	Floxuridine
	Injection, floxuridine, 500 mg 

	HCPCS 
	J9185
	Fludarabine
	Injection, fludarabine phosphate, 50 mg

	HCPCS 
	J8562
	Fludarabine
	Fludarabine phosphate, oral, 10 mg

	HCPCS 
	J9190
	Fluorouracil
	Injection, fluorouracil, 500 mg 

	GPI
	—
	Fruquintinib
	—

	GPI
	—
	Futibatinib
	—

	HCPCS 
	J8565
	Gefitinib
	Gefitinib, oral, 250 mg

	HCPCS
	J9199
	Gemcitabine
	Injection, gemcitabine hydrochloride (Infugem), 200 mg

	HCPCS
	J9196
	Gemcitabine
	Injection, gemcitabine hydrochloride (Accord), not therapeutically equivalent to J9201, 200 mg

	HCPCS 
	J9201
	Gemcitabine
	Injection, gemcitabine HCl, not otherwise specified, 
200 mg

	HCPCS 
	J9198
	Gemcitabine
	Injection, gemcitabine HCl, (Infugem), 100 mg

	HCPCS 
	J9300
	Gemtuzumab
	Injection, gemtuzumab ozogamicin, 5 mg   

	HCPCS 
	J9203
	Gemtuzumab
	Injection, gemtuzumab ozogamicin, 0.1 mg

	ICD-10-PCS
	XW0DXV5
	Gilteritinib
	Introduction of gilteritinib antineoplastic into mouth and pharynx, external approach, new technology group 5

	GPI
	—
	Glasdegib
	—

	HCPCS
	J9286
	Glofitamab
	Injection, glofitamab-gxbm, 2.5 mg

	ICD-10-PCS
	XW033P9
	Glofitamab
	Introduction of glofitamab antineoplastic into peripheral vein, percutaneous approach, new technology group 9

	ICD-10-PCS
	XW043P9
	Glofitamab
	Introduction of glofitamab antineoplastic into central vein, percutaneous approach, new technology group 9

	HCPCS 
	S0176
	Hydroxyurea
	Hydroxyurea, oral, 500 mg

	HCPCS
	A9543
	Ibritumomab
	Yttrium Y-90 ibritumomab tiuxetan, therapeutic, per treatment dose, up to 40 millicuries

	GPI
	—
	Ibrutinib
	—

	HCPCS 
	J9211
	Idarubicin
	Injection, idarubicin HCl, 5 mg

	GPI
	—
	Idelalisib
	—

	HCPCS
	J9208
	Ifosfamide
	Injection, ifosfamide, 1 g

	HCPCS 
	S0088
	Imatinib
	Imatinib, 100 mg

	HCPCS
	J1823
	Inebilizumab
	Injection, inebilizumab-cdon, 1 mg

	ICD-10-PCS
	XW03398
	Inebilizumab
	Introduction of inebilizumab-cdon into peripheral vein, percutaneous approach, new technology group 8

	ICD-10-PCS
	XW04398
	Inebilizumab
	Introduction of inebilizumab-cdon into central vein, percutaneous approach, new technology group 8

	HCPCS
	C9028
	Inotuzumab
	Injection, inotuzumab ozogamicin, 0.1 mg

	HCPCS
	J9229
	Inotuzumab 
	Injection, inotuzumab ozogamicin, 0.1 mg

	HCPCS 
	J9228
	Ipilimumab
	Injection, ipilimumab, 1 mg

	HCPCS 
	J9206
	Irinotecan
	Injection, irinotecan, 20 mg 

	HCPCS 
	C9474 
	Irinotecan, liposomal
	Injection, irinotecan liposome, 1 mg

	HCPCS
	J9205
	Irinotecan, liposomal
	Injection, irinotecan liposome, 1 mg

	HCPCS
	J9227
	Isatuximab
	Injection, isatuximab-irfc, 10 mg

	GPI
	—
	Ivosidenib
	—

	HCPCS 
	J9207
	Ixabepilone
	Injection, ixabepilone, 1 mg

	GPI
	—
	Ixazomib
	—

	GPI
	—
	Lapatinib
	—

	GPI
	—
	Larotrectinib
	—

	GPI
	—
	Lenalidomide
	—

	GPI
	—
	Lenvatinib
	—

	HCPCS 
	S0178
	Lomustine
	Lomustine, oral, 10 mg

	HCPCS
	C9084
	Loncastuximab
	Injection, loncastuximab tesirine-lpyl, 0.1 mg

	HCPCS
	J9359
	Loncastuximab
	Injection, loncastuximab tesirine-lpyl, 0.075 mg

	GPI
	—
	Lorlatinib
	—

	HCPCS 
	J9223
	Lurbinectedin
	Injection, lurbinectedin, 0.1 mg

	ICD-10-PCS 
	XW03387 
	Lurbinectedin
	Introduction of lurbinectedin into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW04387
	Lurbinectedin
	Introduction of lurbinectedin into central vein, percutaneous approach, new technology group 7

	HCPCS
	J9353
	Margetuximab
	Injection, margetuximab-cmkb, 5 mg

	HCPCS 
	J9230
	Mechlorethamine
	Injection, mechlorethamine HCl, (nitrogen mustard), 
10 mg

	HCPCS
	J9248
	Melphalan
	Injection, melphalan (Hepzato), 1 mg

	HCPCS
	J9249
	Melphalan
	Injection, melphalan (Apotex), 1 mg

	HCPCS 
	J8600
	Melphalan
	Melphalan, oral, 2 mg

	HCPCS 
	J9245
	Melphalan
	Injection, melphalan HCl, not otherwise specified, 50 mg

	HCPCS 
	J9246
	Melphalan
	Injection, melphalan (Evomela), 1 mg

	HCPCS 
	S0108
	Mercaptopurine
	Mercaptopurine, oral, 50 mg

	GPI
	—
	Midostaurin
	—

	HCPCS
	C9146
	Mirvetuximab
	Injection, mirvetuximab soravtansine-gynx, 1 mg

	HCPCS
	J9063
	Mirvetuximab
	Injection, mirvetuximab soravtansine-gynx, 1 mg

	HCPCS 
	C9064
	Mitomycin
	Mitomycin pyelocalyceal instillation, 1 mg

	HCPCS
	J9281
	Mitomycin
	Mitomycin pyelocalyceal instillation, 1 mg

	HCPCS 
	J9280
	Mitomycin
	Injection, mitomycin, 5 mg

	HCPCS 
	J9293
	Mitoxantrone
	Injection, mitoxantrone HCl, per 5 mg

	GPI
	—
	Mobocertinib
	—

	HCPCS
	C9038
	Mogamulizumab
	Injection, mogamulizumab-kpkc, 1 mg

	HCPCS
	J9204
	Mogamulizumab
	Injection, mogamulizumab-kpkc, 1 mg

	GPI
	—
	Momelotinib
	—

	HCPCS
	J9350
	Mosunetuzumab
	Injection, mosunetuzumab-axgb, 1 mg

	ICD-10-PCS
	XW03358
	Mosunetuzumab
	Introduction of mosunetuzumab antineoplastic into peripheral vein, percutaneous approach, new technology group 8

	ICD-10-PCS
	XW04358 
	Mosunetuzumab
	Introduction of mosunetuzumab antineoplastic into central vein, percutaneous approach, new technology group 8

	HCPCS
	J7517
	Mycophenolate mofetil
	Mycophenolate mofetil, oral, 250 mg

	HCPCS
	J7519
	Mycophenolate mofetil
	Injection, mycophenolate mofetil, 10 mg

	HCPCS
	J7518
	Mycophenolic acid
	Mycophenolic acid, oral, 180 mg

	HCPCS 
	J9264
	Nab-paclitaxel
	Injection, paclitaxel protein-bound particles, 1 mg

	HCPCS
	C9091
	Nab-sirolimus
	Injection, sirolimus protein-bound particles, 1 mg

	HCPCS
	J9331
	Nab-sirolimus
	Injection, sirolimus protein-bound particles, 1 mg

	HCPCS
	J9348
	Naxitamab
	Injection, naxitamab-gqgk, 1 mg

	HCPCS 
	C9475
	Necitumumab
	Injection, necitumumab, 1 mg

	HCPCS
	J9295
	Necitumumab
	Injection, necitumumab, 1 mg

	HCPCS 
	J9261
	Nelarabine
	Injection, nelarabine, 50 mg

	GPI
	—
	Neratinib
	—

	GPI
	—
	Nilotinib
	—

	GPI
	—
	Nintedanib
	—

	GPI
	—
	Niraparib
	—

	HCPCS
	C9453
	Nivolumab
	Injection, nivolumab, 1 mg

	HCPCS 
	J9299
	Nivolumab
	Injection, nivolumab, 1 mg

	HCPCS 
	J9298
	Nivolumab/relatlimab
	Injection, nivolumab and relatlimab-rmbw, 3 mg/1 mg

	HCPCS
	C9021
	Obinutuzumab
	Injection, obinutuzumab, 10 mg

	HCPCS
	J9301
	Obinutuzumab
	Injection, obinutuzumab, 10 mg

	HCPCS
	C9494
	Ocrelizumab
	Injection, ocrelizumab, 1 mg

	HCPCS
	J2350
	Ocrelizumab
	Injection, ocrelizumab, 1 mg

	HCPCS
	J9302
	Ofatumumab
	Injection, ofatumumab, 10 mg

	GPI
	—
	Olaparib
	—

	GPI
	—
	Olutasidenib
	—

	GPI
	—
	Osimertinib
	—

	HCPCS 
	J9263
	Oxaliplatin
	Injection, oxaliplatin, 0.5 mg 

	GPI
	—
	Ozanimod
	

	HCPCS
	J9265
	Paclitaxel
	Injection, paclitaxel, 30 mg

	HCPCS 
	J9267
	Paclitaxel
	Injection, paclitaxel, 1 mg

	GPI
	—
	Pacritinib
	—

	GPI
	—
	Palbociclib
	—

	HCPCS 
	J9303
	Panitumumab
	Injection, panitumumab, 10 mg

	GPI
	—
	Pazopanib
	—

	HCPCS 
	J9266
	Pegaspargase
	Injection, pegaspargase, per single dose vial

	HCPCS 
	C9207
	Pembrolizumab
	Injection, pembrolizumab, 1 mg 

	HCPCS 
	J9271
	Pembrolizumab
	Injection, pembrolizumab, 1 mg

	HCPCS
	J9294
	Pemetrexed
	Injection, pemetrexed (Hospira) not therapeutically equivalent to J9305, 10 mg

	HCPCS
	J9296
	Pemetrexed
	Injection, pemetrexed (Accord) not therapeutically equivalent to J9305, 10 mg

	HCPCS
	J9297
	Pemetrexed
	Injection, pemetrexed (Sandoz), not therapeutically equivalent to J9305, 10 mg

	HCPCS
	J9322
	Pemetrexed
	Injection, pemetrexed (Bluepoint) not therapeutically equivalent to J9305, 10 mg

	HCPCS
	J9323
	Pemetrexed
	Injection, pemetrexed ditromethamine, 10 mg

	HCPCS
	J9324
	Pemetrexed
	Injection, pemetrexed (Pemrydi RTU), 10 mg

	HCPCS 
	J9305
	Pemetrexed
	Injection, pemetrexed, not otherwise specified, 10 mg

	HCPCS 
	J9304
	Pemetrexed
	Injection, pemetrexed (Pemfexy), 10 mg

	HCPCS 
	J9314
	Pemetrexed
	Injection, pemetrexed (Teva) not therapeutically equivalent to J9305, 10 mg

	GPI
	—
	Pemigatinib
	—

	HCPCS 
	J9268
	Pentostatin
	Injection, pentostatin, 10 mg

	HCPCS 
	J9306
	Pertuzumab
	Injection, pertuzumab, 1 mg

	HCPCS 
	J9316
	Pertuzumab/trastuzumab/
hyaluronidase
	Injection, pertuzumab, trastuzumab, and hyaluronidase-zzxf, per 10 mg

	GPI
	—
	Pexidartinib
	—

	GPI
	—
	Pirtobrutinib
	—

	HCPCS
	J9309
	Polatuzumab vedotin
	Injection, polatuzumab vedotin-piiq, 1 mg

	GPI
	—
	Pomalidomide
	—

	GPI
	—
	Ponatinib
	—

	GPI
	—
	Ponesimod
	—

	HCPCS 
	J9307
	Pralatrexate
	Injection, pralatrexate, 1 mg

	GPI
	—
	Pralsetinib
	—

	HCPCS 
	S0182
	Procarbazine
	Procarbazine HCl, oral, 50 mg

	ICD-10-PCS
	XW0DXJ9
	Quizartinib
	Introduction of quizartinib antineoplastic into mouth and pharynx, external approach, new technology group 9

	HCPCS 
	C9024
	Ramucirumab
	Injection, ramucirumab, 5 mg

	HCPCS
	J9308
	Ramucirumab
	Injection, ramucirumab, 5 mg

	GPI
	—
	Regorafenib
	—

	GPI
	—
	Repotrectinib
	—

	HCPCS
	J9345
	Retifanlimab
	Injection, retifanlimab-dlwr, 1 mg

	GPI
	—
	Ribociclib
	—

	GPI
	—
	Ripretinib
	—

	HCPCS
	J9310
	Rituximab
	Injection, rituximab, 100 mg

	HCPCS
	J9312
	Rituximab
	Injection, rituximab, 10 mg

	HCPCS
	Q5123
	Rituximab
	Injection, rituximab-arrx, biosimilar, (Riabni), 10 mg

	HCPCS
	Q5115
	Rituximab
	Injection, rituximab-abbs, biosimilar, (Truxima), 10 mg

	HCPCS
	Q5119
	Rituximab
	Injection, rituximab-pvvr, biosimilar, (Ruxience), 10 mg

	HCPCS
	C9467
	Rituximab/hyaluronidase
	Injection, rituximab 10 mg and hyaluronidase

	HCPCS
	J9311
	Rituximab/hyaluronidase
	Injection, rituximab 10 mg and hyaluronidase

	HCPCS
	C9065
	Romidepsin
	Injection, romidepsin, non-lyophilized (e.g., liquid), 
1 mg

	HCPCS
	J9315
	Romidepsin
	Injection, romidepsin, 1 mg

	HCPCS 
	J9318
	Romidepsin
	Injection, romidepsin, non-lyophilized, 0.1 mg

	HCPCS 
	J9319
	Romidepsin
	Injection, romidepsin, lyophilized, 0.1 mg

	GPI
	—
	Rucaparib
	—

	ICD-10-PCS
	XW0DXT5
	Ruxolitinib (oral formulation only)
	Introduction of ruxolitinib into mouth and pharynx, external approach, new technology group 5

	HCPCS
	C9066
	Sacituzumab
	Injection, sacituzumab govitecan-hziy, 2.5 mg

	HCPCS
	J9317
	Sacituzumab
	Injection, sacituzumab govitecan-hziy, 2.5 mg

	GPI
	—
	Selinexor
	—

	GPI
	—
	Selpercatinib
	—

	GPI
	—
	Siponimod
	—

	HCPCS
	J7520
	Sirolimus
	Sirolimus, oral, 1 mg

	GPI
	—
	Sonidegib
	—

	GPI
	—
	Sorafenib
	—

	GPI
	—
	Sotorasib
	—

	HCPCS 
	J9320
	Streptozocin
	Injection, streptozocin, 1 g

	GPI
	—
	Sunitinib
	—

	HCPCS
	J7503
	Tacrolimus
	Tacrolimus, extended release, (Envarsus XR), oral, 
0.25 mg

	HCPCS
	J7507
	Tacrolimus
	Tacrolimus, immediate release, oral, 1 mg

	HCPCS
	J7508
	Tacrolimus
	Tacrolimus, extended release, (Astagraf XL), oral, 
0.1 mg

	HCPCS
	J7525
	Tacrolimus
	Tacrolimus, parenteral, 5 mg

	HCPCS
	C9070
	Tafasitamab
	Injection, tafasitamab-cxix, 2 mg

	HCPCS
	J9349
	Tafasitamab
	Injection, tafasitamab-cxix, 2 mg

	HCPCS
	C9049
	Tagraxofusp
	Injection, tagraxofusp-erzs, 10 mcg

	HCPCS
	J9269
	Tagraxofusp
	Injection, tagraxofusp-erzs, 10 mcg

	GPI
	—
	Talazoparib
	—

	HCPCS
	C9163
	Talquetamab
	Injection, talquetamab-tgvs, 0.25 mg

	HCPCS
	J3055
	Talquetamab
	Injection, talquetamab-tgvs, 0.25 mg

	GPI
	—
	Tazemetostat
	—

	HCPCS
	J9274
	Tebentafusp
	Injection, tebentafusp-tebn, 1 mcg

	HCPCS
	C9148
	Teclistamab
	Injection, teclistamab-cqyv, 0.5 mg

	HCPCS
	J9380
	Teclistamab
	Injection, teclistamab-cqyv, 0.5 mg

	HCPCS 
	J9328
	Temozolomide
	Injection, temozolomide, 1 mg

	HCPCS 
	J8700
	Temozolomide
	Temozolomide, oral, 5 mg

	HCPCS 
	J9330
	Temsirolimus
	Injection, temsirolimus, 1 mg

	HCPCS 
	Q2017
	Teniposide
	Injection, teniposide, 50 mg

	GPI
	—
	Tepotinib
	—

	GPI
	—
	Thalidomide
	—

	GPI
	—
	Thioguanine
	—

	HCPCS 
	J9340
	Thiotepa
	Injection, thiotepa, 15 mg

	GPI
	—
	Tislelizumab
	—

	HCPCS
	J9273
	Tisotumab
	Injection, tisotumab vedotin-tftv, 1 mg

	GPI
	—
	Tivozanib
	—

	HCPCS 
	J8705
	Topotecan
	Topotecan, oral, 0.25 mg

	HCPCS 
	J9351
	Topotecan
	Injection, topotecan, 0.1 mg

	GPI
	—
	Toripalimab
	

	HCPCS 
	C9480 
	Trabectedin
	Injection, trabectedin, 0.1 mg

	HCPCS 
	J9352
	Trabectedin
	Injection, trabectedin, 0.1 mg

	GPI
	—
	Trametinib
	—

	HCPCS 
	J9355
	Trastuzumab
	Injection, trastuzumab, excludes biosimilar, 10 mg

	HCPCS 
	Q5116
	Trastuzumab
	Injection, trastuzumab-qyyp, biosimilar, (Trazimera), 10 mg

	HCPCS 
	Q5117
	Trastuzumab
	Injection, trastuzumab-anns, biosimilar, (Kanjinti), 
10 mg

	HCPCS 
	Q5113
	Trastuzumab
	Injection, trastuzumab-pkrb, biosimilar, (Herzuma), 
10 mg

	HCPCS 
	Q5112
	Trastuzumab
	Injection, trastuzumab-dttb, biosimilar, (Ontruzant), 
10 mg

	HCPCS 
	Q5114
	Trastuzumab
	Injection, Trastuzumab-dkst, biosimilar, (Ogivri), 10 mg

	HCPCS 
	J9356
	Trastuzumab/hyaluronidase
	Injection, trastuzumab, 10 mg and hyaluronidase-oysk

	HCPCS
	C9147
	Tremelimumab
	Injection, tremelimumab-actl, 1 mg

	HCPCS
	J9347
	Tremelimumab
	Injection, tremelimumab-actl, 1 mg

	GPI
	—
	Tretinoin (oral only)
	—

	GPI
	—
	Trifluridine/tipiracil
	—

	GPI
	—
	Tucatinib
	—

	HCPCS
	J2329
	Ublituximab
	Injection, ublituximab-xiiy, 1mg

	GPI
	—
	Vandetanib
	—

	GPI
	—
	Vemurafenib
	—

	ICD-10-PCS
	XW0DXR5
	Venetoclax
	Introduction of venetoclax antineoplastic into mouth and pharynx, external approach, new technology group 5

	HCPCS 
	J9360
	Vinblastine
	Injection, vinblastine sulfate, 1 mg 

	HCPCS 
	J9370
	Vincristine
	Vincristine sulfate, 1 mg

	HCPCS 
	J9371
	Vincristine, liposomal
	Injection, vincristine sulfate liposome, 1 mg

	HCPCS 
	J9390
	Vinorelbine
	Injection, vinorelbine tartrate, 10 mg

	GPI
	—
	Vismodegib
	—

	GPI
	—
	Voclosporin
	—

	GPI
	—
	Vorinostat
	—

	GPI
	—
	Zanubrutinib
	—

	HCPCS 
	J9400
	Ziv-aflibercept
	Injection, ziv-aflibercept, 1 mg


While GPI codes may not be provided, drug names were included for completeness.
GPI=generic product identifier; HCPCS=Healthcare Common Procedure Coding System; ICD-10-PCS=International Classification of Diseases, Tenth Revision, Procedure Coding System.

Table S8i. Procedure codes to identify CAR T-cell therapies 
	[bookmark: _Hlk183171700]Code Set
	Code
	Description

	CPT
	0537T
	Chimeric antigen receptor T-cell therapy; harvesting of blood-derived T lymphocytes for development of genetically modified autologous CAR T-cells, per day

	CPT
	0538T
	Chimeric antigen receptor T-cell therapy; preparation of blood-derived 
T lymphocytes for transportation (e.g., cryopreservation, storage)

	CPT
	0539T
	Chimeric antigen receptor T-cell therapy; receipt and preparation of CAR T‑cells for administration

	CPT
	0540T
	Chimeric antigen receptor T-cell therapy; CAR T-cell administration, autologous

	HCPCS
	Q2040
	Tisagenlecleucel, up to 250 million CAR-positive viable T-cells, including leukapheresis and dose preparation procedures, per infusion

	HCPCS
	Q2041
	Axicabtagene ciloleucel, up to 200 million autologous anti-CD19 CAR-positive 
T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	Q2042
	Tisagenlecleucel, up to 600 million CAR-positive viable T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	C9073
	Brexucabtagene autoleucel, up to 200 million autologous anti-CD19 CAR-positive viable T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	Q2053
	Brexucabtagene autoleucel, up to 200 million autologous anti-CD19 CAR-positive viable T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	C9076
	Lisocabtagene maraleucel, up to 110 million autologous anti-CD19 CAR-positive viable T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	Q2054
	Lisocabtagene maraleucel, up to 110 million autologous anti-CD19 CAR-positive viable T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	C9081
	Idecabtagene vicleucel, up to 460 million autologous B-cell maturation antigen directed CAR-positive T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	Q2055
	Idecabtagene vicleucel, up to 460 million autologous B-cell maturation antigen directed CAR-positive T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	C9098
	Ciltacabtagene autoleucel, up to 100 million autologous B-cell maturation antigen directed CAR-positive T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	HCPCS
	Q2056
	Ciltacabtagene autoleucel, up to 100 million autologous B-cell maturation antigen directed CAR-positive T-cells, including leukapheresis and dose preparation procedures, per therapeutic dose

	ICD-10-PCS
	XW033A7
	Introduction of ciltacabtagene autoleucel into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043A7
	Introduction of ciltacabtagene autoleucel into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW033C3
	Introduction of engineered autologous chimeric antigen receptor 
T-cell immunotherapy into peripheral vein, percutaneous approach, new technology group 3

	ICD-10-PCS
	XW033C7
	Introduction of autologous engineered chimeric antigen receptor T-cell immunotherapy into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW033H7 
	Introduction of axicabtagene ciloleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW033J7
	Introduction of tisagenlecleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW033K7 
	Introduction of idecabtagene vicleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW033M7 
	Introduction of brexucabtagene autoleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW033N7 
	Introduction of lisocabtagene maraleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043C3
	Introduction of engineered autologous chimeric antigen receptor T-cell immunotherapy into central vein, percutaneous approach, new technology group 3

	ICD-10-PCS
	XW043C7
	Introduction of autologous engineered chimeric antigen receptor T-cell immunotherapy into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043H7
	Introduction of axicabtagene ciloleucel immunotherapy into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043J7
	Introduction of tisagenlecleucel immunotherapy into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043K7 
	Introduction of idecabtagene vicleucel immunotherapy into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043M7
	Introduction of brexucabtagene autoleucel immunotherapy into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW043N7
	Introduction of lisocabtagene maraleucel immunotherapy into central vein, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW23346
	Transfusion of brexucabtagene autoleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW23376
	Transfusion of lisocabtagene maraleucel immunotherapy into peripheral vein, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW24346
	Transfusion of brexucabtagene autoleucel immunotherapy into central vein, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW24376
	Transfusion of lisocabtagene maraleucel immunotherapy into central vein, percutaneous approach, new technology group 6


CAR=chimeric antigen receptor; CPT=Current Procedural Terminology; HCPCS=Healthcare Common Procedure Coding System; ICD-10-PCS=International Classification of Diseases, Tenth Revision, Procedure Coding System.

Table S8j. ICD-10-CM diagnosis codes to identify chronic medical conditions of interest associated with higher risk for severe COVID-19
	[bookmark: _Hlk183171659]Code
	
	Description

	Asthma

	J45.5%
	
	Severe persistent asthma

	Cerebrovascular disease

	G45%
	
	Transient cerebral ischemic attacks and related syndromes

	G46%
	
	Vascular syndromes of brain in cerebrovascular diseases

	I60%
	
	Nontraumatic subarachnoid hemorrhage

	I61%
	
	Nontraumatic intracerebral hemorrhage

	I62%
	
	Other and unspecified nontraumatic intracranial hemorrhage

	I63%
	
	Cerebral infarction

	I65%
	
	Occlusion and stenosis of precerebral arteries, not resulting in cerebral infarction

	I66%
	
	Occlusion and stenosis of cerebral arteries, not resulting in cerebral infarction

	I67%
	
	Other cerebrovascular diseases

	I68%
	
	Cerebrovascular disorders in diseases classified elsewhere

	I69%
	
	Sequelae of cerebrovascular disease

	Chronic lung disease

	I26%
	
	Pulmonary embolism

	I27.0
	
	Primary pulmonary hypertension

	I27.2%
	
	Other secondary pulmonary hypertension

	I27.82
	
	Chronic pulmonary embolism

	J41%
	
	Simple and mucopurulent chronic bronchitis

	J42%
	
	Unspecified chronic bronchitis

	J43%
	
	Emphysema

	J44%
	
	Other chronic obstructive pulmonary disease

	J47%
	
	Bronchiectasis

	J60%
	
	Coalworker's pneumoconiosis

	J61%
	
	Pneumoconiosis due to asbestos and other mineral fibers

	J62%
	
	Pneumoconiosis due to dust containing silica

	J63%
	
	Pneumoconiosis due to other inorganic dusts

	J64%
	
	Unspecified pneumoconiosis

	J65%
	
	Pneumoconiosis associated with tuberculosis

	J66%
	
	Airway disease due to specific organic dust

	J67%
	
	Hypersensitivity pneumonitis due to organic dust

	J68.4
	
	Chronic respiratory conditions due to chemicals, gases, fumes, and vapors

	J70.1
	
	Chronic and other pulmonary manifestations due to radiation

	J70.3
	
	Chronic drug-induced interstitial lung disorders

	J84%
	
	Other interstitial pulmonary diseases

	Chronic liver disease

	K70%
	
	Alcoholic liver disease

	K71.7
	
	Toxic liver disease with fibrosis and cirrhosis of liver

	K74.3
	
	Primary biliary cirrhosis

	K74.4
	
	Secondary biliary cirrhosis

	K74.5
	
	Biliary cirrhosis, unspecified

	K74.6%
	
	Other and unspecified cirrhosis of liver

	K75.4
	
	Autoimmune hepatitis

	K75.81
	
	Nonalcoholic steatohepatitis

	K76.0
	
	Fatty (change of) liver, not elsewhere classified

	Cystic fibrosis

	E84%
	
	Cystic fibrosis

	Diabetes mellitus

	E10%
	
	Diabetes mellitus, type 1

	E11%
	
	Diabetes mellitus, type 2

	Disabilities

	G12.2%
	
	Motor neuron disease

	G71.0%
	
	Muscular dystrophy

	G71.11
	
	Myotonic muscular dystrophy

	G80%
	
	Cerebral palsy

	Q05%
	
	Spina bifida

	Q90
	
	Down syndrome

	Heart conditions

	I09.81
	
	Rheumatic heart failure

	I11.0
	
	Hypertensive heart disease with heart failure

	I13.0
	
	Hypertensive heart and chronic kidney disease with heart failure and stage 1 through stage 4 chronic kidney disease, or unspecified chronic kidney disease

	I13.2
	
	Hypertensive heart and chronic kidney disease with heart failure and with stage 5 chronic kidney disease, or end stage renal disease

	I25.1%
	
	Atherosclerotic heart disease of native coronary artery

	I25.4%
	
	Coronary artery aneurysm and dissection	

	I25.5
	
	Ischemic cardiomyopathy

	I25.7%
	
	Atherosclerosis of coronary artery bypass graft(s) and coronary artery of transplanted heart with angina pectoris

	I25.8%
	
	Other forms of chronic ischemic heart disease

	I42%
	
	Cardiomyopathy

	I43
	
	Cardiomyopathy in diseases classified elsewhere

	I50%
	
	Heart failure

	Human immunodeficiency virus

	B20
	
	Human immunodeficiency virus disease

	Neurologic conditions limited to dementia

	F01%
	
	Vascular dementia

	F02%
	
	Dementia in other diseases classified elsewhere

	F03%
	
	Unspecified dementia

	G30%
	
	Alzheimer's disease

	G31.0%
	
	Frontotemporal dementia

	G31.83
	
	Neurocognitive disorder with Lewy bodies

	Obesity (BMI ≥30 kg/m2)

	E66.0%
	
	Obesity due to excess calories

	E66.1
	
	Drug-induced obesity

	E66.2
	
	Morbid (severe) obesity with alveolar hypoventilation

	E66.8%
	
	Other obesity

	E66.9
	
	Obesity, unspecified

	Z68.3%
	
	BMI 30–39, adult

	Z68.4%
	
	BMI 40 or greater, adult


ICD-10-CM codes with % include all child codes under the parent code.
BMI=body mass index; ICD-10-CM=International Classification of Diseases, Tenth Revision, Clinical Modification.

Table S8k. Procedure codes to identify severe COVID-19 
	Code Set
	Code
	Description

	Extracorporeal membrane oxygenation

	CPT
	33946
	ECMO/ECLS provided by physician; initiation, veno-venous

	CPT
	33947
	ECMO/ECLS provided by physician; initiation, veno-arterial

	CPT
	33948
	ECMO/ECLS provided by physician; daily management, each day, veno-venous

	CPT
	33949
	ECMO/ECLS provided by physician; daily management, each day, veno-arterial

	CPT
	33952
	ECMO/ECLS provided by physician; insertion of peripheral (arterial and/or venous) cannula(e), percutaneous, 6 years and older (includes fluoroscopic guidance, when performed)

	CPT
	33954
	ECMO/ECLS provided by physician; insertion of peripheral (arterial and/or venous) cannula(e), open, 6 years and older

	CPT
	33956
	ECMO/ECLS provided by physician; insertion of central cannula(e) by sternotomy or thoracotomy, 6 years and older

	CPT
	33958
	ECMO/ECLS provided by physician; reposition peripheral (arterial and/or venous) cannula(e), percutaneous, 6 years and older (includes fluoroscopic guidance, when performed)

	CPT
	33962
	ECMO/ECLS provided by physician; reposition peripheral (arterial and/or venous) cannula(e), open, 6 years and older (includes fluoroscopic guidance, when performed)

	CPT
	33964
	ECMO/ECLS provided by physician; reposition central cannula(e) by sternotomy or thoracotomy, 6 years and older (includes fluoroscopic guidance, when performed)

	CPT
	33966
	ECMO/ECLS provided by physician; removal of peripheral (arterial and/or venous) cannula(e), percutaneous, 6 years and older

	CPT
	33984
	ECMO/ECLS provided by physician; removal of peripheral (arterial and/or venous) cannula(e), open, 6 years and older

	CPT
	33986
	ECMO/ECLS provided by physician; removal of central cannula(e) by sternotomy or thoracotomy, 6 years and older

	CPT
	33987
	Arterial exposure with creation of graft conduit (e.g., chimney graft) to facilitate arterial perfusion for ECMO/ECLS (list separately in addition to code for primary procedure)

	CPT
	33988
	Insertion of left heart vent by thoracic incision (e.g., sternotomy, thoracotomy) for ECMO/ECLS

	CPT
	33989
	Removal of left heart vent by thoracic incision (e.g., sternotomy, thoracotomy) for ECMO/ECLS

	CPT
	36822
	Insertion of cannula(s) for prolonged extracorporeal circulation for cardiopulmonary insufficiency (ECMO) (separate procedure)

	ICD-10-PCS
	5A1522F
	Extracorporeal oxygenation, membrane, central

	ICD-10-PCS
	5A1522G
	Extracorporeal oxygenation, membrane, peripheral veno-arterial

	ICD-10-PCS
	5A1522H
	Extracorporeal oxygenation, membrane, peripheral veno-venous

	Intensive care unit admission

	Revenue
	—
	Intensive care unit

	Mechanical ventilation

	CPT
	94002
	Ventilation assist and management, initiation of pressure or volume preset ventilators for assisted or controlled breathing; hospital inpatient/observation, initial day

	CPT
	94003
	Ventilation assist and management, initiation of pressure or volume preset ventilators for assisted or controlled breathing; hospital inpatient/observation, each subsequent day

	CPT
	94004
	Ventilation assist and management, initiation of pressure or volume preset ventilators for assisted or controlled breathing; nursing facility, per day

	CPT
	4168F
	Patient receiving care in the intensive care unit and receiving mechanical ventilation, 24 hours or less 

	HCPCS
	E0450
	Volume control ventilator, without pressure support mode, may include pressure control mode, used with invasive interface (e.g., tracheostomy tube)

	HCPCS
	E0460
	Negative pressure ventilator; portable or stationary

	HCPCS
	E0463
	Pressure support ventilator with volume control mode, may include pressure control mode, used with invasive interface (e.g., tracheostomy tube)

	ICD-10-PCS
	5A09357
	Assistance with respiratory ventilation, less than 24 consecutive hours, continuous positive airway pressure

	ICD-10-PCS
	5A09358
	Assistance with respiratory ventilation, less than 24 consecutive hours, intermittent positive airway pressure

	ICD-10-PCS
	5A09359
	Assistance with respiratory ventilation, less than 24 consecutive hours, continuous negative airway pressure

	ICD-10-PCS
	5A0935B
	Assistance with respiratory ventilation, less than 24 consecutive hours, intermittent negative airway pressure

	ICD-10-PCS
	5A0935Z
	Assistance with respiratory ventilation, less than 24 consecutive hours

	ICD-10-PCS
	5A09457
	Assistance with respiratory ventilation, 24–96 consecutive hours, continuous positive airway pressure

	ICD-10-PCS
	5A09458
	Assistance with respiratory ventilation, 24–96 consecutive hours, intermittent positive airway pressure

	ICD-10-PCS
	5A09459
	Assistance with respiratory ventilation, 24–96 consecutive hours, continuous negative Airway Pressure

	ICD-10-PCS
	5A0945B
	Assistance with respiratory ventilation, 24–96 consecutive hours, intermittent negative airway pressure

	ICD-10-PCS
	5A0945Z
	Assistance with respiratory ventilation, 24–96 consecutive hours

	ICD-10-PCS
	5A09557
	Assistance with respiratory ventilation, greater than 96 consecutive hours, continuous positive airway pressure

	ICD-10-PCS
	5A09558
	Assistance with respiratory ventilation, greater than 96 consecutive hours, intermittent positive airway pressure

	ICD-10-PCS
	5A09559
	Assistance with respiratory ventilation, greater than 96 consecutive hours, continuous negative airway pressure

	ICD-10-PCS
	5A0955B
	Assistance with respiratory ventilation, greater than 96 consecutive hours, intermittent negative airway pressure

	ICD-10-PCS
	5A0955Z
	Assistance with respiratory ventilation, greater than 96 consecutive hours

	ICD-10-PCS
	5A1935Z
	Respiratory ventilation, less than 24 consecutive hours

	ICD-10-PCS
	5A1945Z
	Respiratory ventilation, 24–96 consecutive hours

	ICD-10-PCS
	5A1955Z
	Respiratory ventilation, 24–96 consecutive hours

	High-flow nasal oxygen

	ICD-10-PCS
	5A0935A
	Assistance with respiratory ventilation, less than 24 consecutive hours, high nasal flow/velocity

	ICD-10-PCS
	5A0945A
	Assistance with respiratory ventilation, 24–96 consecutive hours, high nasal flow/velocity

	ICD-10-PCS
	5A0955A
	Assistance with respiratory ventilation, greater than 96 consecutive hours, high nasal flow/velocity


The definition of severe COVID-19 was aligned with the World Health Organization Clinical Progression Scale.
CPT=Current Procedural Terminology; ECLS=extracorporeal life support; ECMO=extracorporeal membrane oxygenation; HCPCS=Healthcare Common Procedure Coding System; ICD-10-PCS=International Classification of Diseases, Tenth Revision, Procedure Coding System.

Table S8l. Procedure codes to identify COVID-19 vaccination
	Code Set
	Code
	Description

	ICD-10-PCS
	XW013S6
	Introduction of COVID-19 vaccine dose 1 into subcutaneous tissue, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW013T6
	Introduction of COVID-19 vaccine dose 2 into subcutaneous tissue, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW013U6
	Introduction of COVID-19 vaccine into subcutaneous tissue, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW023S6
	Introduction of COVID-19 vaccine dose 1 into muscle, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW023T6
	Introduction of COVID-19 vaccine dose 2 into muscle, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW023U6
	Introduction of COVID-19 vaccine into muscle, percutaneous approach, new technology group 6

	ICD-10-PCS
	XW023V7 
	Introduction of COVID-19 vaccine dose 3 into muscle, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW013W7
	Introduction of COVID-19 vaccine booster into subcutaneous tissue, percutaneous approach, new technology group 7

	ICD-10-PCS
	XW013V7
	Introduction of COVID-19 vaccine dose 3 into subcutaneous tissue, percutaneous approach, new technology group 7

	CPT
	90480
	Single dose of a SARS–CoV–2 vaccine by intramuscular injection

	CPT
	91304
	SARS–CoV–2 vaccine product administered by intramuscular injection; dose 5 mcg/0.5 mL

	CPT
	91318
	SARS–CoV–2 vaccine product (tris–sucrose formulation) administered by intramuscular injection; dose 3 mcg/0.3 mL

	CPT
	91319
	SARS–CoV–2 vaccine product (tris–sucrose formulation) administered by intramuscular injection; dose 10 mcg/0.3 mL

	CPT
	91320
	SARS–CoV–2 vaccine product (tris–sucrose formulation) administered by intramuscular injection; dose 30 mcg/0.3 mL

	CPT
	91321
	SARS–CoV–2 vaccine product administered by intramuscular injection; dose 25 mcg/0.25 mL

	CPT
	91322
	SARS–CoV–2 vaccine product administered by intramuscular injection; dose 50 mcg/0.5 mL


CPT=Current Procedural Terminology; ICD-10-PCS=International Classification of Diseases, Tenth Revision, Procedure Coding System; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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