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ABSTRACT (word count: 333)

Background & Aims: Primary biliary cholangitis (PBC) predominantlyedfs middle-aged
women; there are few data on disease phenotypesuooimes of PBC in men and younger
patients. We investigated whether differences inas®l/or age at the start of ursodeoxycholic
acid (UDCA) treatment are associated with resptms$leerapy, based on biochemical markers,

or differences in transplant-free survival.

Methods: We performed a longitudinal retrospective stud¢885 adults in the Global PBC
Study cohort, collected from 17 centers across jgeiemd North America. Patients received a
diagnosis of PBC from 1961 through 2014. We evellighe effects of sex and age on response
to UDCA treatment (based on GLOBE score) and transiree survival using logistic

regression and Cox regression analyses, respsctivel

Results: Male patients were older at the start of treatn(@8t3+12.1 years vs 54.3+11.6 years
for women;P<.0001) and had higher levels of bilirubin and lowieculating platelet counts
(P<.0001). Younger patients (45 years or younger)ihacased serum levels of transaminase
than older patients (older than 45 years). Patieldir than 45 years at time of treatment
initiation had increased odds of a biochemical oesp to UDCA therapy, based on GLOBE
score, compared to younger patients. The greatielst af response to UDCA were observed in
patients older than 65 years (odds ratio comparg@unger patients 45 years or younger, 5.48;
95% ClI, 3.92-7.672<.0001). Risk of liver transplant or death (compla@a general

population matched for age, sex, and birth yeasjedesed significantly with advancing age:
hazard ratio for patients 35 years or younger,4495% ClI, 9.66—-22.02) vs hazard ratio for
patients older than 65 years, 1.39 (95% CI, 1.Z8A1(P<.0001). On multivariable analysis, sex

was not independently associated with responseansplant-free survival.
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Conclusion: In longitudinal analysis of 4355 adults in the GiIbBBC Study, we associated
patient age, but not sex, with response to UDCAttnent and transplant-free survival. Younger
age at time of PBC diagnosis is associated witreased risk of treatment failure, liver
transplant, and death.

Keywords: Risk stratification; Stratified Medicine; Cholestativer Disease; Mortality
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INTRODUCTION

Primary biliary cholangitis (PBC) is a chronic aummune cholestatic liver disease in
which patient outcome is largely dictated by thevelepment of cirrhosis and portal
hypertensiort: > Between 83 to 95% of patients are women, moshgftesenting between 40

and 60 years of age.

Several studies have demonstrated that the climgahct of PBC differs according to
sex and age group? Compared to male patients, females are more fretyugymptomatic, with
an increased burden of pruritusand greater scores in the fatigue domain of thé-28 quality
of life questionnairé.In contrast, male PBC patients are more likelptesent with advanced
diseas&’, harbor an increased risk for hepatocellular camid, and appear to have
significantly worse transplant-free surviValMale sex has also recently been identified aska ri
factor for non-response to ursodeoxycholic acid Q) independent of age at presentation,
presence of portal hypertension, and biochemicdicés of disease sevefityalluding to the
possibility of a more rapidly progressive diseasarse. Age appears to add another layer of
complexity to clinical phenotypes, as a study cated by the UK-PBC consortium recognized
that younger patients are affected by more sevengtys and fatigue. Furthermore, there was a
positive correlation between older age at presiematnd response to UDCA in females; with a

lesser impact evident in patients of male Sex.

The aim of this study was to validate the progmostipact of presenting age and sex on
treatment responses and transplant-free survivialgua large, internationally representative

cohort of patients with PBC.
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PATIENTSAND METHODS

Subjects and study design. This was a longitudinal study of treatment respagse transplant-
free survival according to age and sex in a wdlingel cohort from the Global PBC Study
Group. Demographic, clinical, and outcome data veeléected from 17 centers across Europe
and North America. Patients with a short follow{g® months), overlap syndrome, or another
concomitant liver disease were excluded. This sindiuded adultX18 years of age) patients
diagnosed between 1961 and 2014 with PBC as defigquliblished criterfa’® and who were

treated with UDCA.

Baseline was defined as the date of UDCA initiatidime primary endpoints were
biochemical response as per the GLOBE score @itqfGLOBE score below the age-specific
thresholdjand liver transplant-free survival. Secondary emas included biochemical response
according to the following response criteria: Béwna, Paris-I, Rotterdam, Toronto, and Paris-
II. Patients who did not meet clinical endpointsdt transplant or death) were censored at their
last date of available follow-up. The protocol wesviewed and approved by all local

Institutional Review Boards across the 17 centers.

Statistical analysis. Continuous data are expressed as mean * standaadiale (SD) or median
and interquartile range (IQR) as appropriate, atdgorical data as proportions. Unpair¢elst,
Mann-Whitney U test, or analysis of variance wasduso determine whether there was a
significant difference for continuous data, andfetégnces in categorical data were analyzed
using the Chi-square test. Life table analysis wasducted to assess the effect of age on

transplant-free survival in PBC patients when coma@ao a control Dutch population. PBC

10
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patients were stratified into various age groupigr avhich they were independently analyzed
relative to the control population matched for aggx, and birth year. Unadjusted differences in
transplant-free survival between males and femakre assessed using Kaplan-Meier estimates
and compared using the log-rank test. Univariahbkraultivariable associations were computed
using a logistic regression for biochemical respofedds ratio [OR] and 95% confidence
interval [CI]) and Cox proportional hazards regresgor transplant-free survival (hazard ratio
[HR] and 95% CI). Univariable analysis included:x,seage at UDCA initiation, year of
diagnosis, histologic stage at baseline as defihgdScheuer¥ and Ludwig's criterid
biochemical stage at baseline as defined by teg Boal** (mild: normal bilirubin and albumin,
moderately advanced: either abnormal bilirubin daumin, advanced: abnormal bilirubin and
albumin), biochemical response, and surrogates aiftap hypertension (platelet count
<150%1@/L).*>*® Age at UDCA initiation was analyzed as a contiraiand categorical variable
(grouped as <35, 36-45, 46-55, 56-65, and >65)lltavafor an equitable distribution during
analysis. In order to account for the lack of amcadhte threshold of response for the age group
<35, age was analyzed in the following age groupsdeponse to UDCA¥5, 46-55, 56-65,
>65). The association of age with response wasndurassessed with a restricted cubic spline
function with three knots. In order to determineetiter age was an independent determinant of
response in various subgroups, patients were adegdanto two groups, according to whether
their GLOBE score at baseline was below or aboeeatthe-specific threshold (GLOBE score

status at baseline). An interaction between agesamd and age and GLOBE score status at

baseline were included in the analysis.

All analyses were performed using multiple impwatby Markov chain Monte Carlo

11
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method for missing data (Proc Ml in SAS version)9Nultiple imputation was based on the
assumption that data were missing at random, withimputed datasets created from iterations
to reduce sampling variability. Rubin’s rules wersed for the estimation of parameters of
interest and standard erfdr® The variables included in the process of imputatigere:
aspartate aminotransferase (AST), alanine aminsfeease (ALT), alkaline phosphatase (ALP),

total bilirubin, albumin, and platelet count.

A two-sidedP-value of <.05 was considered statistically sigmifit. Statistical analyses
were performed using IBM SPSS Statistics for Windpwersion 24.0 (IBM Corp., Armonk,

NY, USA) and SAS version 9.3 (SAS Institute Incarg NC, USA).

RESULTS

Patient characteristics. For the current study, a total of 4355 UDCA-tréa®BC patients were
analyzed after excluding those <18 years of age3)(rend with no (n=647) or unknown
treatment status (n=96). 446 (10%) were male ar@ 390%) were female with a median
follow-up of 7.7 years (IQR 3.9-12.0); 576 patiedisd (276 deaths were liver-related) and 330

patients were transplanted.

Clinical differences at baseline between sexes and age groups. At the time of UDCA initiation,
males were older than females (58.3 + 12.1 yearS4/8 + 11.6 yearsP<.0001), exhibited
greater median serum bilirubin values (0.82 xULRRI 0.59-1.49] vs 0.62 xULN [IQR 0.44-
1.00], P<.0001) and were more often thrombocytopenic (fateount <150x1UL, 21% vs

14%,P=.001) Table 1). Concurrently, patients presenting at a youngerraore often manifest

12
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an earlier disease stage, both biochemically astblbgically, albeit with significantly greater
serum transaminases and ALP values than oldempafe<.0001) Table 2). The ALP levels in
age groups 36-45 and 46-55 were significantly lowwem that of 56-65 and >65 (P<.001).
Furthermore, there was significantly higher ALPtie group 56-65 compared to the age group
>65 (P=.001). Younger patients were more likelyptesent with an ALP>4xULN: 27%, 31%,

27%, 18%, and 14%, in order from youngest to ol¢{fest001).

Effect of age on biochemical response to UDCA. Across the cohort in its entirety, laboratory
data after one year of UDCA therapy was available4200 (96%) patients. On univariable
analysis, an older age at UDCA initiation was asged with a higher likelihood of achieving
biochemical response according to the GLOBE sqmee 10-year increase in age: OR 1.25, 95%
Cl 1.18-1.32P<.0001). After adjusting for additional baselinettas, older patients appeared to
have significantly better response than youngeiepit T able 3). The same relationship was
observed when age was analyzed as a categorigablam multivariable analysiss45 years
(reference group), 46-55 years (OR 2.67, 95% C6-3.@6,P<.0001), 56-65 years (OR 4.91,
95% CI 3.68-6.56°<.0001), >65 years (OR 5.48, 95% CI 3.92-7/84.,0001). When analyzing
the effect of age on biochemical response to UDEMnales and females separately, age had a
similar effect in both $upplementary Figure 1). In independent multivariable logistic
regressions, the OR per a 10-year increase in agecomparable for males and females (Males:
OR 1.65, 95% CI 1.27-2.12, P<.001; Females: OR ,19®% CI 1.36-1.64, P<.001).
Furthermore, the interaction term between age a&amdwsas not significantly differenPE.66)
and there was no evidence of an additive interacéd@e was also a significant predictor for the

other response criteria, except Rotterdam cri{@upplementary Table 1). Older patients had a
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higher probability of response than younger pasiemespective of whether their GLOBE score
at baseline was below or above the age-specifeskinlds Figure 1). The effect of age was
additionally assessed with a restricted cubic splimction, which suggested the positive effect

of age is less pronounced after the age of 65 (F.@upplementary Figure 2).

Since younger patients were more likely to havevagkxl ALT and AST levels, we
assessed whether these biochemical markers weepéandently associated with response to
UDCA in separate multivariable models while adjugtio center, sex, age, year of diagnosis,
response at baseline and log bilirubin. AST but AT was an independent predictor of
response (ALT [log]: OR 1.15, 95% CI 0.84-1.58, 33;.AST [log]: OR 0.57, 95% CI 0.39-

0.84, P=.004).

Effect of sex on biochemical response to UDCA. Overall, males had significantly lower
biochemical response compared to females (62% BIR2672% [n=2732]P<.0001) and were
associated with lower response (OR 0.62, 95% (@-0.36,P<.0001). However, after adjusting
for parameters corresponding to disease sevemdye(lme bilirubin, ALP, albumin, and platelet
count), age at UDCA initiation, year of diagnosel,OBE score status at baseline, and center,
male sex was no longer an independent predictaegponse (OR 0.77, 95% CI 0.57-1.04,
P=.09) (Table 3). Comparable results were found for the other agesp criteria

(Supplementary Table 2).
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Transplant-free survival amongst different age groups.

The 10-year transplant-free survival rate decreagdd age in the corresponding age groups
from youngest to oldest: 89.4%, 87.0%, 82.4%, 77.@&6l 64.1%HF<.001). To gain additional
insight into the effect of age on transplant-freeviezal of PBC patients, they were assessed
relative to a general population (matched accortiingge, sex, and birth year) within each age
group. On life table analysis, the PBC populatiathiw each age group had significantly lower
transplant-free survival than the matched geneoglufation Figure 2A). Interestingly, the
transplant-free survival hazard ratio relative tgemeral population significantly decreased with
advancing ageR<.0001) Figure 2B). PBC patients35 years old had the highest hazard ratio
(HR 14.59, 95% CI 9.66-22.0P<.0001) and patients >65 years of age had the lof#s1.39,
95% CI 1.23-1.57P<.0001). The distribution of clinical events frofmet5-year transplant-free
survival (n=67) was also significantly variable kvage, as younger patients more often received
a liver transplant and older patients experiencenleased mortality that was primarily liver-

unrelated P<.0001) Supplementary Figure 3A).

Transplant-free survival amongst males and females. On crude analysis of overall transplant-
free survival, males had a significantly lower Xay transplant-free survival rate than females
(67.7% vs 80.1%P<.0001) Gupplementary Figure 4A). However, after adjusting for age at
UDCA initiation, year of diagnosis, bilirubin, ALRJatelet count, and center, the increased risk
for liver transplantation or death in males wadar@er significant (HR 1.19, 95% CI 0.99-1.44,
P=.07) (Table 4, Supplementary Figure 4B). There was also no significant difference in the
distribution of clinical events from the 5-yearrtsplant-free survival between males and females

(Supplementary Figure 3B).

15



322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

DISCUSSION

The results of our study confirm that a younger agpresentation confers an impaired
biochemical response to UDCA compared with olddrepés, even after adjusting for sex and
disease severity. Despite manifesting less seviedhémical and histological disease, younger
patients exhibit more pronounced biochemical hépa#ctivity, as evident by significantly
greater serum transaminases levelsloreover, younger age is also associated with etyk
lower transplant-free survival relative to a mattigeneral population. Conversely, patient sex
does not appear to be an independent determinabitoohemical response or transplant-free
survival, but rather male patients present with enadvanced disease; a known cause of

diminished treatment response and prognosis in #BC.

Similar to other diseases of autoimmune origin, ghthogenesis of PBC appears to be
driven by fundamental differences in susceptibiéityoss males and females, as well as different
age groups. The inherent challenges posed bypikderaiology of PBC have led to an elusive
understanding of whether males or younger patieat® a more aggressive disease phenotype.
Owing to the size of the cohort and statisticalidation through the use of center-specific
stratification and multiple imputation, our study strongly positioned to explore outcomes in

small subgroups while minimizing bias.

In line with our study’s findings, Carboree al. found that when response was stratified
by sex, it appeared that older female patients hagaificantly better response than their
younger counterparts, whereas males have weaksageiated response rafeblowever, we

found that the effect of age on response to UDCAingilar in both sexes. There are several
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potential reasons for lower rates of biochemicapomse in younger patients. One possibility is
that younger patients may have reduced compliarcaternatively, disparities in response may
be related to underlying disease pathology. Wihike relationship between age and medication
compliance is complex, one possibility is that ygen patients have reduced compliance, as
demonstrated in other chronic disease literattife.Patients with ductopenia have been
previously demonstrated to have diminished respoms#DCAZ, and descriptions of a severe
ductopenic variant of PBC all involved patients yger than 50 years of a&eThus, it is
possible that younger patients have a predominahttyopenic phenotype which is particularly
resistant to UDCA treatment. Younger patients waoge likely to present with severe disease,
as determined by ALP levels above 4xULN and itasgible that they also have a predominantly
ductopenic phenotype that is particularly resistemiUDCA treatment. Additionally, in our
cohort, patients under the age of 45 appearedwve higher AST and ALT, which may suggest
more exuberant histologic inflammation. Interedyngarbonest al. found that younger patients
were more likely to fail therapy based on transaséncriteri§ which collectively implies a
more hepatitic phenotype. Alternatively, it mayleet a more advanced disease given the AST
elevations associated with cirrhosis. Indeed, ASSE wan independent predictor of response in
our cohort. Further, we demonstrate that the etitaege on response rates do not vary according

to their status at baseline (criteria for respansduated at baseline).

The life expectancy of asymptomatic patients diagaoat 55 years or older has been
shown to be comparable with a matched popul&fi@imilarly, we found that when our cohort
of PBC patients was matched to a general populati@nrisk for liver transplantation and death

incrementally decreased with increasing age. Takimg account our data demonstrate that
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younger patients are less likely to respond to UD@Ws suggests that younger patients could
have lower transplant-free survival than their oldeunterparts as a consequence of diminished

treatment response.

Earlier studies have demonstrated that males presgh more advanced disease,
reflected by their higher rates of jaundice, valcéleeding, and thrombocytopenia at
presentationt. © Asymptomatic males also present at an older age famales, with a mean
difference of approximately five yeats. The UK-PBC cohort also showed that male sex was
an independent predictor of biochemical response&ohtrast, our study demonstrated that sex
was not independently associated with biochemieapaonse or transplant-free survival. In a
previous study of a Dutch population, sex was alsban independent predictor of response to
UDCA.? The lack of association between male sex andceliriutcomes in PBC suggests that
sex is not an inherent determinant of treatmerngaese or prognosis, but rather that males are at
greater risk of presenting with more advanced disgaith a greater degree of hepatic synthetic
dysfunction and portal hypertension. A possibledaexplaining this finding could be that the
diagnosis of PBC is not sufficiently considerednales presenting with features of liver disease.
However, this is highly speculative and it may wadlthat male patients develop less frequent or
less severe symptoms and therefore remain undiagna#il later in the course of the disease.
Lastly, though this is the largest study of the atipof male sex on transplant-free survival, it is
possible that we were insufficiently powered toedeta small effect size. This would suggest
that despite adequate biochemical response, adalitifactors are leading to decreased
transplant-free survival in males. This highlighite need for further research evaluating sex-

specific factors in the outcome of PBC patientghidoom an epidemiologic standpoint, as well
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as clinical trials.

In conclusion, patient age irrespective of sex higmificant impact on biochemical
response and transplant-free survival. Our dategestg that younger patients should be
monitored carefully, with early consideration faiditional therapies, as they appear to be at
greatest risk of biochemical non-response to UDQwer transplantation, and death. The
presence of more overt biochemical hepatitic agtiduggests a more aggressive and
inflammatory phenotype in younger, compared to ofgients. Conversely, males appear to be
diagnosed at a more advanced disease stage, piytatiecounting for the differences in
biochemical response rates compared to femalestits important to prevent diagnostic delays
by maintaining a high index of suspicion for PBCnirale patients and aggressively managing
any potential concomitant causes of progressiv@dib. Further studies are required to unravel
the mechanisms underlying the diminished treatmmesponse to UDCA and transplant-free

survival in young patients.

19



406

407

408

409

410

ACKNOWLEDGEMENTS
This study was performed on behalf of thi@bal PBC Sudy Group and was supported by
Intercept Pharmaceuticals; and the Foundation ii@rland Gastrointestinal Research in

Rotterdam, The Netherlands (a not-for-profit orgation).

20



411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

REFERENCES

1.

Lindor KD, Gershwin ME, Poupon R et al. Primdbiliary cirrhosis. Hepatology
2009;50:291-308.

Poupon RE, Lindor KD, Cauch-Dudek K et al. Comeloi analysis of randomized
controlled trials of ursodeoxycholic acid in primaoiliary cirrhosis. Gastroenterology
1997;113:884-90.

Boonstra K, Beuers U, Ponsioen CY. Epidemiolofgrimary sclerosing cholangitis and
primary biliary cirrhosis: a systematic review. égdtol 2012;56:1181-8.

Myers RP, Shaheen AA, Fong A et al. Epidemiglagd natural history of primary
biliary cirrhosis in a Canadian health region: gouylation-based study. Hepatology
2009;50:1884-92.

Rubel LR, Rabin L, Seeff LB et al. Does primdnliary cirrhosis in men differ from
primary biliary cirrhosis in women? Hepatology 198671-7.

Lucey MR, Neuberger JM, Williams R. Primary &il cirrhosis in men. Gut
1986;27:1373-6.

Carbone M, Mells GF, Pells G et al. Sex and age determinants of the clinical
phenotype of primary biliary cirrhosis and response ursodeoxycholic acid.
Gastroenterology 2013;144:560-9.

Trivedi PJ, Lammers WJ, van Buuren HR et aktBication of hepatocellular carcinoma
risk in primary biliary cirrhosis: a multicentret@rnational study. Gut 2016;65:321-9.
Lleo A, Jepsen P, Morenghi E et al. Evolvingntts in female to male incidence and

male mortality of primary biliary cholangitis. SRep 2016;6:25906.

21



433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

European Association for the Study of the Li&ASL Clinical Practice Guidelines: The
diagnosis and management of patients with primahgary cholangitis. J Hepatol
2017;67:145-72.

Lammers WJ, Hirschfield GM, Corpechot C et Révelopment and validation of a
scoring system to predict outcomes of patients \prilnary biliary cirrhosis receiving
ursodeoxycholic acid therapy. Gastroenterology 204%1804-12.

Scheuer P. Primary biliary cirrhosis. Proc R Bled 1967;60:1257-60.

Ludwig J, Dickson ER, McDonald GS. Staging bfanic nonsuppurative destructive
cholangitis (syndrome of primary biliary cirrhosis)irchows Arch A Pathol Anat Histol
1978;379:103-12.

ter Borg PC, Schalm SW, Hansen BE et al. Pmignaf ursodeoxycholic acid-treated
patients with primary biliary cirrhosis. Results @f10-yr cohort study involving 297
patients. Am J Gastroenterol 2006;101:2044-50.

Patanwala I, McMeekin P, Walters R et al. Aidated clinical tool for the prediction of
varices in PBC: the Newcastle Varices in PBC Scbigepatol 2013;59:327-35.

Levy C, Zein CO, Gomez J et al. Prevalence pnedlictors of esophageal varices in
patients with primary biliary cirrhosis. Clin Gasénterol Hepatol 2007;5:803-8.

Rubin DB. Multiple imputation for nonresponsesurveys. John Wiley & Sons, Inc.:
Toronto, Canada, 1987.

Rubin DB. Multiple Imputation after 18+ YeadsAm Stat Assoc 1996;91:473-89.
Hiramatsu K, Aoyama H, Zen Y et al. Propodah mew staging and grading system of

the liver for primary biliary cirrhosis. Histopatlogy 2006;49:466-78.

22



455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

20.

21.

22.

23.

24,

25.

26.

Kuiper EM, Hansen BE, de Vries RA et al. Imo prognosis of patients with primary
biliary cirrhosis that have a biochemical respont®e ursodeoxycholic acid.
Gastroenterology 2009;136:1281-7.

Cohen MJ, Shaykevich S, Cawthon C et al. Predi of medication adherence
postdischarge: the impact of patient age, insuratatls, and prior adherence. J Hosp
Med 2012;7:470-5.

Rolnick SJ, Pawloski PA, Hedblom BD et al. i€t characteristics associated with
medication adherence. Clin Med Res 2013;11:54-65.

Kumagi T, Guindi M, Fischer SE et al. Baselohgctopenia and treatment response
predict long-term histological progression in prignabiliary cirrhosis. Am J
Gastroenterol 2010;105:2186-94.

Vleggaar FP, van Buuren HR, Zondervan PE efalndice in non-cirrhotic primary
biliary cirrhosis: the premature ductopenic varidsit 2001;49:276-81.

Kubota J, lkeda F, Terada R et al. Mortalitie raf patients with asymptomatic primary
biliary cirrhosis diagnosed at age 55 years or roldesimilar to that of the general
population. J Gastroenterol 2009;44:1000-6.

Lammers WJ, Leeman M, Ponsioen CI et al. Hwvdoncept of biochemical response
influenced the management of primary biliary chgiés over time. Neth J Med

2016;74:240-6.

23



478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

FIGURE LEGENDS

Figure 1. Predicted probability of GL OBE response accor ding to age at the start of
ursodeoxycholic acid (UDCA) treatment stratified by GL OBE status at baseline.

Predicted probability of GLOBE response accordmgde at UDCA initiation in (A) patients
whose GLOBE score at baseline is below the agedfgptueshold (n=2621) and (B) patients
whose GLOBE score at baseline is above the agefispgbceshold (n=1579). Predicted
probabilities obtained from a logistic regressionrespond to a PBC patient diagnosed in 2000
with median laboratory values after adjusting fagthosis year, sex, bilirubin, aloumin, and
platelet count. Odds ratios (OR) and 95% confidentevals (Cl) are with respect to a 10-year

increase in age.

Figure 2. Transplant-free survival according to age at the start of ursodeoxycholic acid of

PBC patients compared to an age-, sex-, and birth year-matched general population.

(A) Life table analysis of transplant-free surviualdifferent age groups relative to a matched
general population. (B) Transplant-free survivatdrd ratios (95% CI) obtained from Cox
regression analyses of PBC patients relative tat@med general population and in different age
groups. Age was a significant determinant of thedplant-free survival hazard ratio relative to a

matched general populatioR€.001).
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Table 1. Basdline characteristics of thetotal cohort of PBC patients and according to sex

All patients Male Female P-value
Parameter
n=4355 n=446 n=3909
Age at beginning of follo-up, mean+S 54.7 £ 11. 58.3+12.. 543 £11.1 <.0001
AMA -positive, no. (% 3849 90.7 410 (92.8 3439 (90.5 12
Yea of diagnosis, no. (% 44
<199( 816 (18.7 79 (17.7 737 (18.9
199(-200( 1678 (38.5 161 (36.1 1517 (38.8
200(¢-201c 1655 (38.C 181 (40.6 1474 (37.7
>201( 206 (4.7 25 (5.6 181 (4.6
Biochemical isease stage, no. (° <.0001
Early 1731 (67.9 146 (52.9 1585 (69.8
Moderat 618 (24.3 91 (33.0 527 (23.2
Advancel 199 (7.8 39 (14.1 160 (7.0
Histological dsease stage, no. (° .84
Early stage disease (-2) 1225 (68.3 121 (67.6 1104 (68.4
Late stage disease (-4) 569 (31.7 58 (32.4 511 (31.6
Portal hypertension, no. (© 368 (14.8 59 (21.2 309 (13.9 .001
Laboratory parameters, median (IC
AST (xULN) 1.43 (0.9-2.23 1.40 (0.9-2.13 1.45(0.9-2.23 .42
ALT (xULN) 1.64 (1.0-2.60 1.65 (1.0-2.61 1.64 (1.0-2.60°  .9€
ALP (xULN) 2.07 (1.3-3.71 2.00 (1.3-3.40' 2.10 (1.3+-3.74  .2€
Albumin (xLLN) 1.14 (1.0-1.23 1.14 (1.0-1.24 1.14 (1.0-1.23 .05
Total bilirubin (xULN) 0.65 (0.4-1.04' 0.82(0.5¢-1.49' 0.62 (0.4-1.00 <.0001
Platelets (x1%L) 244 (18t-297) 216 (16:-262) 248 (19-300  <.000]




PBC, primary biliary cholangitis; SD, standard ddign; AMA, ant-mitochondrial antibody; IQF
interquartile range; AST, aspartate aminotransérdsN, upper limit of normal; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; LoWgl limit of normal

4AMA status was unavailable for 112 patients (4 mal€®8 females).

®Biochemical disease stage defined as per ter Bag’g (early: normal serum bilirubin and albumin lev
moderate: abnormal serum bilirubin or albumin Isyabdvanced: abnormal serum bilirubin and albumin
levels). Insufficient data for determination in 8% (n=1807, all patients); 38.1%<170, males) and 41.9
(n=1637, females).

“Baseline biopsy was performed in 51.5% (2244 patjet82 males and 2012 females). Baseline
histological disease stage was unavailable in 2@ri8450, all patients), 22.8% of male patients @~=and
19.7% of female patients (n=397).

YPortal hypertension defined as a platelet counfx16/L. Platelet count was available for 57.2% (2494
patients; 278 males and 2216 females).

°Due to differences in normal thresholds betweenresnlaboratory values are listed as factors euhper

and lower limit of normal.



Table 2. Baseline char acteristics according to age at UDCA initiation

<35 3645 4655 5665 >65
Parameter P-value
n=199 n=727 n=1305 n=1234 n=890

Male sex 15 (7.5) 55 (7.6) 97 (7.4) 140 (11.3) (BR6) <.0001
AMA-positive 172 (87.8) 634 (90.7) 1139 (89.9) 1090.6) 810 (92.8) A1
Diagnosis year <.0001

<1990 28 (14.0) 112 (15.4) 239 (18.3) 268721 169 (19.0)

1990-1999 64 (32.2) 330 (45.4) 530 (40.6) @H03) 294 (33.0)

2000-2010 101 (50.8) 259 (35.6) 482 (36.9) 4 (86.0) 369 (41.5)

>2010 6 (3.0) 26 (3.6) 54 (4.1) 62 (5.0) 65)
Biochemical Disease

.003

stagé

Early 71 (67.6) 238 (63.1) 496 (69.5) 549.671 377 (64.4)

Moderate 30 (28.6) 116 (30.8) 164 (23.0) (=R7) 149 (25.5)

Advanced 4(3.8) 23 (6.1) 54 (7.6) 59 (7.7) 9(%0.1)
Histological Disease

.03

stag®

Early (F1-2) 74 (77.1) 250 (69.6) 443 (70.8) 288 (64.4) 170 (63.9)

Late (F3-4) 22 (22.9) 109 (30.4) 183 (29.2) 59 135.6) 96 (36.1)
Portal hypertensidn 8 (7.4) 29 (7.5) 81 (11.6) 117 (15.8) 133 (23.8) .0001

Laboratory values
AST (xULN)
ALT (XULN)

ALP (xULN)
Albumin (XLLN)
Total bilirubin

(xULN)

Platelet count

(x10°/L)

1.67 (1.03-2.75)
2.25 (1.43-3.89)
2.01 (1.12-4.22)

1.17 (1.09-1.27)

0.64 (0.42-1.06)

261 (224-302)

1.89 (1.15-2.80) 1.53 (1.00-2.40)

2.46 (1.37-3.80)

2.55 (1.49-4.83)

1.16 (1.06-1.25)

0.71 (0.48-1.23)

277 (222-331)

1.6720-2.86)

2(3345-4.13)
.16 (1.08-1.26)

253 (202-304)

1.30 (0.90-2.00)
1.49 (1.00-2.20)
2.00 (1.30-3.31)

1.14 (1.06-1.24)

0.60 (0.41-1.00)0.67 (0.48-1.00)

233 (28%)

1.23 (0.83-1.87)x.0001
1.20 (0.79-1.84) €D0
1.15 (1.20-2.76)  <DOO

1.11 (1.01-1.20) .0001

0.67 (0.48-1.05)  .003

216 (151-272)  <.0001




UDCA, ursodeoxycholic acid; AMA, anti-mitochondriahtibody; IQR, interquartile range; AST, aspartate
aminotransferase; ULN, upper limit of normal; Aldlanine aminotransferase; ALP, alkaline phosphatdde,
lower limit of normal.

All data presented as no. (%), expect laboratohyesg which are expressed as median (IQR).

2 Biochemical disease stage defined as per ter 8oaj*® - early: normal serum bilirubin and albumin
levels, moderate: abnormal serum bilirubin or allvulevels, advanced: abnormal serum bilirubin and
albumin levels. Insufficient data for determinatiort1.5% (94, 350, 591, 467, and 305 for eachgagep).
®Baseline histological disease stage was not availat23% (n=28), 21% (n=95), 15% (n=114), 23%
(n=135), 23% (n=266) in each respective age grbsfed from youngest to oldest).

°Portal hypertension defined as a platelet coun0x16/L. Platelet count was unavailable for 57.3% (9,3

608, 493, 330 for each respective age group listed youngest to oldest).



Table 3. Multivariablelogistic regression for factors affecting biochemical responseto

UDCA according to the GLOBE scorecriteria

Entire cohort (n=420C

Baseline variable OR 95% C P-value
Male se: 0.71  0.57-1.0¢ .0¢

Age atUDCA initiation (per 1(-year increas: 1.51 1.371.6¢ <.0001
Year of diagnosis (per -year increas: 1.11  0.9¢-1.2i 0.1¢€

Baseline log bilirubin (xULN 0.0¢  0.0z-0.0¢ <.0001
Baseline log ALP (xULN 0.28  0.1¢-0.4C <.0001
Baseline Ibumin (XLLN) (per 0.!increase 3.7t 2.57-5.4¢ <.0001
Baseline platelet cou (per 50x17/L increas) 1.4¢ 1.4z-1.5i <.0001
GLOBE scorebelow thresholat baselin 3.7¢  2.85-4.9¢ <.0001

UDCA, ursodeoxycholic acid; OR, odds ratio; Cl, fidence interval; ULN, upper limit of normal; ALP,

alkaline phosphatase; AST, aspartate aminotrars&fera



Table 4. Multivariable Cox regression for factors affecting transplant-free survival

Entire cohort (n=434!

Baseline variable HR 95% C P-value
Male se: 1.1¢ 0.9¢-1.44 .07

Age at UDCA initiatior (per 1(-year increas: 158 1.47-1.6¢€ <.0001
Year of diagnosis (per -year increas: 0.8  0.7%-0.97 .001

Baseline og bilirubin (xULN} 7.3¢  6.0:-8.92 <.0001
Baselineog ALP (xULN) 1.8¢ 1.47-2.4(C <.0001
Platelet count (per 50x°/L increas) 0.8¢  0.8%-0.9: <.0001

HR, hazard ratio; Cl, confidence interval; ULN, epfimit of normal; ALP, alkaline phosphatase.
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What You Need to Know

Background: Primary biliary cholangitis (PBC) mgsffects middle-aged women—there are
few data from men and younger patients. We invattdywhether differences in sex and/or age
at the start of ursodeoxycholic acid (UDCA) treatingre associated with differences in
response to therapy or transplant-free survival.

Findings: In longitudinal analysis of 4355 adultsr the Global PBC Study Group, we found
that younger age at treatment initiation is asgediavith increased risk of treatment failure, liver
transplant, and death. However, patient sex waassuciated with outcome.

Implications for patient care: Younger patientstw®BC are at higher risk for failure to respond
to UDCA, liver transplantation, and death.



SUPPLEMENTARY DATA
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Supplementary Figure 1. The impact of age on response to UDCA according to GLOBE

score stratified by sex.



Supplementary Table 1. Multivariablelogistic regression of the effect of age on

biochemical responseto UDCA according to various published criteria

Criteria OR® 95% ClI P-value
Barcelona 112 1.05-1.18 <.0001
Paris-| 115 1.06-1.23 .001
Rotterdam 0.94 0.88-1.02 14
Toronto 1.25 1.16-1.34 <.0001
Paris-11 115 1.08-1.23 <.0001

UDCA, ursodeoxycholic acid; OR, Odds ratio; Cl, confidence interval.

#OR corresponds to a 10-year increase in age.



Supplementary Table 2. Multivariablelogistic regression of the effect of sex on

biochemical responseto UDCA according to various published criteria

Criteria OR* 95% Cl P-value
Barcelona 1.05 0.84-1.31 .66
Paris-| 0.88 0.66-1.16 35
Rotterdam 0.80 0.61-1.05 .10
Toronto 0.80 0.60-1.05 10
Paris-11 1.06 0.82-1.37 .67

UDCA, ursodeoxycholic acid; OR, Odds ratio; Cl, confidence interval.

#OR corresponds to male sex.



(3]
1

% 4

c

2 34

[72]

2

= 0

e /

(14

O 14 i
0 L] L] L] 1
20 40 60 80 100

Age (years)

Supplementary Figure 2. The association between age and the odds for response to UDCA
according to the GLOBE score modelled by arestricted cubic spline function. The age

reference is 50 years. Thetest for curvature was curvature was significant (P=.004).
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Supplementary Figure 3. Thedistribution of clinical eventsat 5 years stratified by age at
the start of ursodeoxycholic acid and sex.

The distribution of liver-unrelated death, liver-related death, and liver transplantations at 5
years (n=67) according to (A) age at the start of ursodeoxycholic acid and (B) sex were

compared by Chi-square tests.



B) Adjusted
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Supplementary Figure 4. Crude and adjusted transplant-free survival curves of males
and females.

Survival curves of (A) unadjusted (crude) transplant-free survival and (B) adjusted transplant-
free survival between males and females. Cox regression analysis (n=4349) was adjusted for
center, age at the start of ursodeoxycholic acid, year of diagnosis, serum akaline phosphatase

levels, serum bilirubin levels, and platelet count.



