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ABSTRACT

Monoclonal gammopathy of undetermined significance (MGUS) occurs % 8fTheelderly
population; with' higheprevalencen renal failure patientsand is associatesith a 25-fold
increasedifetime risk for plasma celmyeloma(PCM), also known as multiple myeloma.
Using the California State Inpatient, Emergency Department, and Ambutaioggry Databases
components of the Healthcare Castl Utilization Project (HCUP)ye sought to determine if
patientswith-MGUS who undergo solid organ allograft (n=22,862)at increaseadjusted
relativerisk (aRR)for hematological maliggncyand other complicationsAmong solid organ
transplant patients, patients with preexisting MGUS igeraRRof PCM (aRR 19.46; 95%ClI
7.05, 53:73; p<0.001), venous thromboembelients(aRR 1.66; 95%CI 1.15, 2.41; p=0.007),
and infection (aRR 1.24; 952 1.06, 1.45; p=0.007). However, when comparing MGUS
patients with and without solid organ transplant, there was decreased aRR for ICM wi
transplant (aRR 0.34; 95%CI 0.13, 0.88; p=0.027), and increased venous thromboembolic events
(aRR 2.33; 95%1 1.58, 3.44; p<0.001) and infectious risks, (aRR 1.44; 95%CI 1.23, 1.70;
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p<0.001). While MGUS increased the risk BICM overallfollowing solid organ
transplantationthere wagower risk of PCM development compared to MGUS patients who did
not receive a amsplant. MGUS should npteclude solid organ transplatNTRODUCTION

Moneoclonal gammopathy of undetermined significad&(S) is an asymptomatic
precancerous conditidhatcan progress tplasma cell myeloma (PCMalso known as multiple
myeloma,or aher hematologic malignancMGUS affectsapproximately 3% of people older
than 50 y&ars and 5% of those overyéars of ag¢l]. This disorder is defineby the presence
of a serumpmonoclonal protein at a concentration < 3 g/dL, a bone matasmnatiorwith <
10% clonakplasma cells (if performed), and the absence obrgaah damage (anemia,
hypercalcemia,/lytic bone lesions, renal insufficiency and hypervistosiated to the
monoclonalpretein. Recent studies have shthahPCM is almost alwaysneceded by a plasma
cell disordekmost commonly MGUS [2], and the rate of progression from MGBSNbin the
general population is predicted to be roughly 1% per yeaMG)JS also increases the risk of
devebpingPCM approximately 25-fold [4]ln addiion, MGUS hasbeen shown tincrease the
risk of othercomplicationsincluding infection, venous thromboembolism (VTE)da&keletal
related events,(SRE) such as osteoporosis and fracture [5-14].

Long term data regarding patieatifectedby preexistinglGUS who undergo solid
organ transplant are scarc8olid organ transpht requiresongterm use ofmmunosuppression
postengraftmentwhich is associated witmanyrisks overlapping those described above,
including hematologic malignanciaadposttransplant lymphoproliferative disease (PTLD),
opportunistic infections, SRE and VT GUS-affected patientssually are not excluded from
transplantation;,however, data on laiegm outcomes are lacking and limited to single
institution studieswith relatively small patient numbefs5-17]. We hypothesizetthat patients
with the preeancerous condition, MGUS, are at heighteskdor thesepost-transplant
complications
METHODS

We utilized the 2005-2011 California State Inpati®dtabase (SID)State Emegency
Department Database (SER@ndStateAmbulatorySurgeryDatabas€SASD) These
databases are part of the Healthcare Cost and Utilization Pfidf@dtP), sponsored by the
Department of Health and Human Services, Agency for Healthcare Research atyd These

databases include ddtam patients discharged froail nonfederaly fundedcommunity
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hospitals in California, including both nfir-profit and investor-owned hospitals, as well as
hospitals run by the state and local governments. Federally-run hospitals swaseasih by
Veterans Affairs or the Indian Health Service are not includede of which are transplant
centers in_CalifgrniaThe California HCUP databases include a synthetic patient identifier that
can be usedsto tradkdividuals’ utilization of care over the study period and across the
emergency,department, inpatient hospital, and ambulatory surgery sdthiedsID includes
over 100 variables including principal and secondary diagnoses and procedurespadmisi
dischargestatus, patient demographics characteristics (e.g., sex, age, and race), expected
payment source, total charges, length of stay, and hospital charactezigtiésoation, teaching
status, andibed size). A complete list of varialdewailable in théSID data documentation
online [18]"Fhis'study wageviewed andpproved by thénstitutional Review Board RB
protocol #EM-14-30).

The _study population includes patients undergoing solid organ transplant as defined by
ICD-9-CMyprocedure codes (Supplemamitable). The main exposure of interest W&SUS,
defined using=sCD-9-CM diagnosis code 273.1. We searched patientgedatndiagnosis
codes indieating MGUS on the same day or prior to solid organ transplant surgergrimary
outcomesef interest were morbidity and complications as defined by ICD-9-#&¢jviadiis codes
in patientse€ords after solid orgatiograft The outcomes ahajorinterest werd?CM,
lymphoma,PTLD, opportunistic infectionyTE, and SRE. Infections includédcteremia,
viremia, ufinary tract infectionClostridium difficile-associated diarrheandocarditis,
pneumoniaginfluenza, and osteomyelitis. As a secondary analysis, we sought to tevireiga
associatiomefssolid organ transplant and poor outcomes among people that had MGUS. Here, the
study population included any person with a diagnosis code of MGUS during the study period.
The main effect. was solid organ transplant occurring on the same date or ditst thagnosis
of MGUS.

We conducted aescriptive analysifor all variables in our study. Comparisons between
affected andmorffected subjects, MGUS(+) amiGUS(-), respectively, were made using
Fisher's exactest for categorical variables, aStludent’s t-test for continuous variablé
protect patient confidentiality, the data use agreement from H€tlRredthat cells with
nonzero counts less than 11 cannot be repoiitbdrefore, in some cases, we report the data as

“<10,” rather tharprovidethe exact cell count.
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We usedmodified Poissorregressiorio model complications in MGUS(+) versus
MGUS(-) transplant patient® produce risk ratios with robust confidence intervals [18].
adjust for patient demographics, insurance status, and comorbidities we included atgropens
score as a covariate the Poisson regression models [20]. The propensity scdedined as the
predicted prebability of having MGUS conditional on eachepdts baseline characteristif&l].
We calculated the propensity scarsing logistic regression with MGUS as the outcome and
patient age;racsex, count of alElixhausercomorbidities, insurance, and year of transplant as
the covariatesthe Elixhauser comorbidity measure includes 30 comorbid conditions defined
through secondafCD-9-CM codeg22]. We also included specific comorbid conditions in the
propensitysscete model if the frequency was greater than five cases imr@aehTde
conditionstincluded were hypertension, diabetes, tygpadism, anemia deficiency, electrolyte
disorders, renalfailure, and liver disease. Models were not fit for PTHDyarphoma as no
patients in the MGUS+ grougxperienced these outcomes. All of the above analysis was
repeated in.the MGUS population comparing solid organ transplant (+) vs solid orgatatrains

(). All analysesvereconducted on SAS version 9.3 for Unix (SAS Institute, Cary, NC).

RESULTS

Of.ihe24,358,669 patienis the California State Inpatient, Emergency, and Ambulatory
Databasdrom 2005-2011, we identified 22,062 solid organ transplant pati@ftthese
patients, 72 were found tee MGUS(+) prior to solid organ transplantMGUS was not
documentedimithe remaining 21,990 transplant patients prior to solid organamanspl
Demographiescharacteristics of solid organ transplant patients are showsierilTedian age
for the MGUS+) group wassomewhat older6(l.5 yearsversus 51 years for the MGUS (-
group, p<0.001)MGUS(+) solid organ transplant patients had signifiaféwer comorbidities
thanMGUS(;) patients As there werea number oflemographic differences between the
groups, propensity score adjusted risk ratios were utilized for further enalys

Table2 shows the outcomes of interest for solid organ transptapients according to
MGUS status.There were<10 cases dPCMreportedn the MGUS(+) group and 37 in the
MGUS(-) group. Among solid organ transplant patients, those MGUS(+) patients had a nearly
20-fold higher risk of developing PCM compared to MGUS(-) (Table 3), with a propacsite
adjusted risk ratio of 19.46 (95%CI 7.05, 53.7@}hile there were no case§PTLD or
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lymphoma in the MGUS(+) group, there were 161 and BH38s, respectively, in the MGUB
group.

Forthe 72 patients in the MGW$) group, we identifie@ significantly higher incidence
of several complications compared to the MGUS(-) group. Pulmonary emb4dlidéfs, SRESs,
bacteremiagurinary tract infectio@lostridium difficle infection, and pneumonia were found to
occur more fequently in the MGUS-) group when compared to the MGUBgroup(Table2).
Among'solid‘ergan transplant patieM4US(+) patients had a highesk of developingVTE,
SRE,and infection compared to MGU$patients with propensity adjusted risk ratios of 1.66
(95%CI 1115, 2.41), 1.56 (95%CI 1.03, 2.37), and 1.24 (95%CI 1.06, 1.45), respectatdly (T
3). In-hospital«death risk wasgnificantlyincreased for MGUS(+) solid organ transplant
patients compared to those unaffected by MGUS, with a propeasore adjusted relative risk
of 1.58 (95% C11.18, 2.11).

While risk for complications or in-hospital death seemed higher for MGUS(+) solid
organ transplant recipients, these data did not address the rsskilar MGUS(+) patients
without transplant. First, we sought to determine the risk for these outcomes aationgst
MGUS(+) patients with and without solid organ transplasiilizing propensityscore
adjustment;we next sought to determine the risk for these outcomes in MGUS(+}patient
accordingortransplant statusAmongst MGU%+) patients, there were 10 cases of PCMin
those receiving solid organ transplant, versus 1,631 for those without transplant {Table 4
fact, PCMrisk was decreased with solid organ tream$pwith a propensitgdusted risk ratio of
0.34 (95%€10:13, 0.88) for progression of MGUS to PCM. There were no reported PTLD or
lymphoma‘eases in the transplanted MGUS(+) patients, although sample sizensadat
small. There werencreased infectious andlE events in the transplant group, with propensity
score adjusted risk ratios of 1.44 (95%CI 1.23, 1.70) and 2.33 (95%CI 1.58, 3.44), respectively
(Tables4-5)...SRE risk was not significantly different once adjusted for propensity.scor
Unadjusted.in-hospital death&re not significantly differerfor MGUS(+) patients with solid
organ transplanislthough significance wascovered once the cohort was adjusted by
propensity'score, with an adjusted risk ratio of 1.47 (95% CI 1.09, 1.98) for those MGUS

patients withan allograft

DISCUSSION
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Solid organ transplant recipients require ldagnimmunosuppression post-transplant
that may lead to significant complications. We undertook this analysis of HCUsboent
databases to ascertain whetbelid organ transplamecipients affectetdy a common disorder,
MGUS, would he at heightened risk for serious complications that are shared hispatie
undergoing.transplant immunosuppression and by patients with MGUlike the National
Inpatient Samplehe CaliforniaSID hasthe advantage of capturing data fagieen patient at
every Califernia hospital, rather than just the data captured and submitted fangpdaint
center to thé"Organ Procurement and Transplantation Network (OPTN), and adgitional
contairs diagnoseand procedures that are unavailable to the OBd$éd source28]. While
those patientsawith preexisting MGUS experienced greatmallrisks after solid organ
transplant,®thesdegree of increased risk suggests that these patients shoulaciotdbdfom
solid organ transplant options.

Overall PTLD risk for solid organ transplant patients varies by orgaa-and
immunosuppression protocol. Thsk is typically cited to beabout 0.4% at one year for kidney
transplantgpatieni4], but does not agar to be ohigh concern in this particular cohort of
patients with BFLD found in only 0.7% of the MGUS(-) patients and none of the MGUS(+)
patients“@n,the other hand, compared to solid organ transplant patients without preexisting
MGUS, ourdata demastiratal thatsolid organ transplant patients with preexisting MGUSdad
significantlyhigher risk of VTE, SRE, and a varietyiafectiors, including bacteremias, urinary
tract infectionsClostridium difficile-associated diarrhea, and infectious pneumonia.

Consistent with other patient populatipng reporthatsolid organ transplant patients
with preexistingVGUS are alsanore likely to develo?CM than those without preexisting
MGUS; haweverthis risk is similar te—or perhaps even lower tharthathistorically attributed
to MGUSIn patients who have not undergone transplant. Literature addressing PCM in MGUS
patients fallowing solid organ transplastscarce andonflicting. Safadiet al R5] reported 4 of
7 multiple myeloma patients with kidneymisplants demonstrated pegisting MGUS. In a
retrospectiverreview of 1,593 solid organ transplant patients, JinZépeda et a[26] reported
that none 0B4,patients with preexisting MGU&dprogression t&CM, amyloid, or
lymphoma, and they noted no association between preexisting MGUS and PTLDghilg sli
larger retrospective review of 3,518 kidney transplant patients that included 23 paitilents

preexisting MGUS$S4 (17.4%) patients developed a hematologic malignancy (2 smoldReikig
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and 2 PTLD [17]. Another small case series in which 5 transplant patients with preexisting
MGUS were followed showed 2 patients developed smold&@id after transplanf27], with
othersmall studies repartg similar findings[15, 28]. In contrast, we found arsewhat

reduced rik for PCM for patients with preexisting MGUS and solid organ transplant. Previous
studies tended. to be single center and often included patients who de\Md{Bp&jpost-
transplant,, Interestingly, in a study of US veterans, MGUS patgtitsmmunemediated
conditionsyincluding autoimmunity, inflammatory disorders, and certain infectionsldrs,

were foundte"have increased risk of MGUS progression to PCM [28 certainly possible

that solidargan transplant-related immunosuppression alters the likelihood of MGUS
progression tesPCM.

Thissstudy has limitationsThere are inherent shortcomings in largeospective
database studigscluding inconsistencies in-patient follow up, reporting, and coding practices.
As the databaseslied uporhospitalizationor admssionto anambulatory surgery facility or
emergency. departmefdr entry, subjectgeceiving care outside of these settings not
representegdigse of other large observational databases, howswggestshat many bthe
observationstare consistent with randomized clirtrcals and expert opinion [30-31]in
addition,"as,MGUS is present in abofb 8f peoplegreater than age 5@arg[1], it is almost
certainlyunderrepresented in this databa®eitcomes of MGU%re variable, and risk
stratification system has been developed to predict the risk of progressiroMfEUS toPCM
based on the amount of monoclonal protein, immunoglobulin type, and thefseedight chain
ratio[32]. Mnfartunatelythese databasésck the data granularity to stratfatientsbased on
such differentiation.Similarly, while diagnostic criteria for monoclonal gammopathy of renal
significan¢e has been proposed in 2012 [33]dtte range from the database we utilized was
prior to this proposed terand in addition,that diagnosic terminologydoes not have an ICD-9
code independent from the MGUS code [34-35)milarly, the database does not include
information.on.induction and maintenance immunosuppression use, which givemiatdity
in practice.and potential modifications in MGUS patients, could impact outcdrgsermore,
despite thedarge sample size, thenber of transplanted patients with MGUS awmdnt rate
wererelatively low, thereby limiting statistical powe&ample size alsprevented meaningful
analysis of orgaispecific outcomes-which is pertinent for kidney transplantation, as MGUS is

more common in this population. While we adjusted by propensity scaccommodate
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different levels of comorbidityo minimize selection biasve can only control for known
confounders that we could measure in our data. Further, the small number of caseGthe M
group prevented us from direct adjustment of particular comorbiditlesh may better control

for patientdifferencesFinally, meaningful post-transplant survival analysis is not feasible with
this datasetgas ihospital mortality is biased towards patients requiring more frequent
admission.

In conclusionpatientswith preexisting MGUSwho undergo solid organ transplantation
havehigher¥isks compared to MGUS-unaffected patients for developing complicatiohsas
PCM, VTE, SRE, and opportunistic infections. However, solid organ transplant in paiignts
preexisting,M&USdoes not appear fartherincrease the risk of progression to PCM in patients
with solid ergan transplant, nor do PTLD and lymphoisles seem to increasén contrast
solid organ transplamatientswith preexisting MGUSare athigherrisk for VTE, SRE, and
infection, suggesting thaloser monitoring for such evensswarranted. While MGU$s a risk
factor for futurePCM, it should not preclude solid organ transplantation.
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Table 1: Chakacteristics of Solid Organ Transplant Patients.

MGUS (+) MGUS (-)
N=72 N=21,990
Age, years
Median (IQR) 61.5 (52 — 66.5) 51 (37 — 60)
Mean (std dev) 58.5 (11.6) 47.1 (17.3) <0.001
Sex 0.549
Male 41 (56.9%) 13,390 (60.9%)
Female 30 (41.7%) 8,493 (38.6%)
Race 0.009
Black/Other 14 (19.4%) 5,265 (23.9%)
Hispanic 13 (18.1%) 6,480 (29.5%)
White 39 (54.2%) 9,535 (43.4%)
Insurance 0.495
Private 31 (43.1%) 8,241 (37.5%)
Public 40 (55.6%) 13,089 (59.5%)
Comorbidities <0.001
None 15 (20.8%) 2,960 (13.5%)
1to?2 19 (26.4%) 9,899 (45.0%)
3to 4 20 (27.7%) 6,377 (29.0%)
Five ormore 18 (25.0%) 2,754 (12.5%)
Transplant type* 0.228
Kidney 45 (61.6%) 14,031 (63.8%)
Liver 13 (17.8%) 5,064 (23.0%)
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Lung <10%* 1,275 (5.8%)
Heart/lung <10* 64 (0.3%)
Heart 13 (17.8%) 1,866 (8.5%)

Of the 22,062 selid organ transplant patients identified in the database, 108 patients had
missing sex*data and 716 patients had missing racetfaequencies<10 are reported

as such perthe.data use agreement.

Table 2: Outecomes in Solid Organ Transplant Patients

MGUS (+) MGUS (-)

Outcome N N=21,990
PTLD 0 161 (0.7%) 0.999
PCM <10* 37 (0.2%) <0.001
Lymphoma 0 193(0.9%) 0.999
VTE 20 (27.7%) 3,202 (14.6%) 0.004
Pulmoenary embolism <10* 624 (2.8%) 0.017
Venous-embolism/thrombosis 16 (22.2%) 2,920 (13.3%) 0.035
SRE 18 (25%) 2,320 (10.5%) <0.001
Infection 50 (69.4%) 11,612 (52.8%) 0.006
Bacteremia 15 (20.8%) 2,029 (9.2%) 0.003
Viremia <10* 335 (1.5%) 0.999
Urinary tract infection 36 (50%) 7,076 (32.2%) 0.002
C. difficlesassociated diarrhea 15 (20.8%) 1,942 (8.8%) 0.001
Endocarditis 0 356 (1.6%0) 0.634
Pneumonia 30 (41.7%) 6,159 (28.1%) 0.012
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Influenza 0 516 (2.4%) 0.419
Osteomylitis <10%* 650 (2.9%) 0.999
In-hospital death 29 (40.3%) 4,449 (20.2%) <0.001

*Frequencies<10 are reported as such per the data use agreement.

Table 3: Qutecomes n Solid Organ Transplant Patients

Outcome Unadjusted Risk Propensity score
Ratio (95% CI) adjusted Risk Ratio
(95% CI)
PCM 31.11 (12.62, 76.71 <0.001 19.46 (7.05, 53.73) <0.001
VTE 1.80 (1.24, 2.60) 0.002 1.66 (1.15, 2.41)  0.007
SRE 2.23 (1.50, 3.33) <0.001 1.56(1.03,2.37) 0.036
Infection 1.24 (1.06, 1.44) 0.006 1.24 (1.06, 1.45)  0.007
In-hospital 1.88(1.42,2.49) <0.001 1.58(1.18,2.11) 0.002
death
R

isk ratio (RR)represents the increased risk of each outcome among those Witk MG
compared to those withoMGUS among solid organ transplant patiemgk ratiofor
PTLD and Lymphoma were incalculable due to zero instances in the AGGSup. The
risk ratioand_95%,confidence interval was obtained froodified Poisson regression

modesk.

Table 4: Outcomes inMGUS Patients

Transplant Non-transplant

Outcome Recipients Patients
N=72 N=12,060
PTLD 0 n/a n/a

PCM <10* 1,631 (13.86) 0.055
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Lymphoma 0 591(4.9%) 0.051
VTE 20 27.7%) 1,257 (10.%) <0.001
Pulmonary embolism <10* 444 (3.Ph) 0.050
Veneus embolism/thrombosis 16 (22.2%) 1,035 (8.60) <0.001
SRE 18 (25%) 3,530 (29.2%) 0.516
Infection 50 (69.4%) 6,806 (56.46) 0.031
Bacteremia 15 (20.8%) 534 (4.4%6) <0.001
Viremia <10* <10* 0.052
Urinarystract infection 36 (50%) 4,347(36.0%) 0.019
Clostridium difficle 15 (20.8%) 852 (7.20) <0.001
Endocarditis 0 204(1.7%) 0.636
Pneumonia 30 (41.7%) 4,184 (34.%) 0.217
Influenza 0 99 (0.80) 0.999
Osteomylitis <10* 383 (3.20) 0.999
In-hospital. death 29 3,942 0.207

*Frequenciesc10 are reported as such per the data use agreement.

Table 5: Risk.of outcomesamong MGUS matients by transplant status

Outcome

Unadjusted Risk
Ratio (95% CI)

Propensity score
adjusted Risk Ratio
(95% ClI)

0.41(0.16, 1.06) 0.067  0.34 (0.13,0.88) 0.027
VTE 2.66 (1.83,3.88) <0.001 2.33(1.58,3.44) <0.001
SRE 0.85(0.57,1.28) 0.441 1.33(0.87,2.03) 0.195
Infection 1.23(1.05, 1.44) 0.008  1.44 (1.23,1.70) <0.001
In-hospital death  1.23 (0.93, 1.63) 0.147 1.47 (1.09,1.98) 0.011
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Risk ratio (RR) represents the increased risk of each outcome amongatieatswith
MGUS comparing those with versus without solid organ transpiRiek ratio for PTLD
and Lymphoma were incalculable due to zero instances in the MG gi®up. The risk

ratio and 95% confidence interval wadaibed frommodified Poisson regression models

Supplemental Table ICD-9 Diagnosis and Procedur€odes

ICD-9 Diagnosis and Procedure Codes

Diagnosis Code ‘

Monoclonal‘paraproteinemia (MGUS) 273.1

Multiple myeloma (or PCM) 203

PTLD 238.77

Lymphoma 200, 201, 202

Venous thromboembolism (VTE)
Pulmonary embolism 415.1, 416.2
Venoutssembolism and thrombosis 453

Skeletal'related. events (SRE)

Osteoporosis, pathologic fracture 733.0-733.1
Infections
Viremia 790.8
Bacteremia 790.7
Endocarditis 421, 424.9
Urinary tract infection 599.0
Clostridium difficile 008.45
Pneumonia 480-486
Influenza 487-488
Osteomyelitis 730

Solid organ transplant
Kidney 55.6
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Liver 50.5
Lung 33.5
Heart/lung 33.6
Hep 37.51
Pan 52.8

P

Author Manuscr

This article is protected by copyright. All rights reserved



