Arthritis & Rheumatology Vol. 72, No. 12,
December 2020, pp 2065-2071 2021%E 1868

Pulmonary Adverse Events of Low-Dose Methotrexate in the
Randomized, Double-Blind, Placebo-Controlled
Cardiovascular Inflammation Reduction Trial

Jeffrey A. Sparks, Paul F. Dellaripa, Robert J. Glynn, Nina P. Paynter,
Chang Xu, Paul M. Ridker, and Daniel H. Solomon

AAJ J&—EB



s || o’
=1

| MTXIC & DERIMERBS DAL E DL S ?

RA[CHITDEEAFTR & EDAIHEINEFEA L

- 21MDprospective studies (MTX monotherapy 26 F, FIHEREREARI36.5H) T
MTXA2(£0.43% (15/3463) 12Dz, LLERAEATIR L.

(Salliot C, van der Heijde D. Ann Rheum Dis 2009; 68: 1100)

- ffB 2 DECE DD D4 DDRCT (24 BLL L&, 100610 £)D AT BT TMTXATRD
$8E($1.16% (13/1125) T. UXDI(ERR 7.81 (95% CI: 1.76-34.72)lZ > 7.

(Conway R. et al., Arthritis Rheumatol 2014; 66: 803)



SLER2DMTX-IPORR metaffthi——4

Methotrexate  Comparator Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% CI
Weinblatt et al, 1990 0 138 0 142 Not estimable 1990
williams et al, 1992 4 220 0 115 262%  4.72(0.26,86.99] 1992 | -
O'Dell et al, 1996 0 67 0 35 Not estimable 1996
Boers et al, 1997 0 76 0 79 Not estimable 1997
Haagsma et al, 1997 0 n 0 34 Not estimable 1997
Rauetal 1997 0 87 0 87 Not estimable 1997
Bathon et al, 2000 3 N7 0 415 254% 13.36[069, 257 43) 2000 - =
Emery et al, 2000 5 498 0 501 266% 11.07[061,199.60] 2000 - »
Cohen et al, 2001 1 180 0 318 218% 501([021,12238]) 2001 -8 »
Edwards et al, 2004 0 80 0 81 Not estimable 2004
Breedveld et al, 2006 0 525 0 274 Not estimable 2006
van der Heijde et al 2006 0 459 0 223 Not estimable 2006
Nishimoto et al, 2007 0 145 0 157 Not estimable 2007
Zhang et al, 2008 0 106 0 105 Not estimable 2008
Emery et al, 2009 0 478 0 159 Not estimable 2009
Hu et al, 2009 0 118 0 120 Not estimable 2009
Luetal 2009 0 163 0 326 Not estimable 2009
Nishimoto et al, 2009 0 64 0 61 Not estimable 2009
Wei et al, 2009 0 158 0 296 Not estimable 2009
Jones et al, 2010 0 284 0 288 Not estimable 2010
Keystone et al, 2010 0 n 0 133 Not estimable 2010
Ishaq et al, 2011 0 89 0 9 Not estimable 2011
Total (95% CI) 4544 4040 100.0% 7.81[1.76, 34.72) ol
Total events 13 0
Heterogeneity. Tau*= 000, Ch*= 037, 0=3 (P=095),F= 0% 0.01 01 1 10 100

Testfor overall effect: Z= 2.70 (P = 0.007) Favours methotrexate Favours comparator

Conway R. et al., Arthritis Rheumatol 2014; 66: 803
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Tame 1. A summary of studies on the rsk of MTX pneumonitis with pre-emsimg radiologcal g dewease
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Golden [7] 125 5
Camrall [8] E1 7
Howes [6] 120 1
Ohasome [L1] 284 3
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The stucies of Alarcon or al. [9] and Carrell #r all [8] are case-conine] studes; the others are cohon studes.
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Adverse Effects of Low-Dose Methotrexate

A Randomized Trial
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Low-Dose Methotrexate (n = 2391)

Placebo (n = 2395)

AE
Events,
n (%)t
Preurmonitis 700.3)

Rate per 100
Person-Years
(95% CI)

0.2 (0.0tc 0.3)

3-y Cumulative Events, Rate per 100 3-y Cumulative
Incidence n (%)t Person-Years Incidence
(95% Cl), % (95% CI) (95% CI), %

0.00 (0.00 to 0.01) 1{0.0) 0.0(0.0tc0.1) 0.00(0.00 to 0.01)
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Study Design

Attended a screening
visit (n =9321)

Excluded before entering the run-in phase
(n=3163)
No MI/CAD: 415
No diabetes/metabolic syndrome: 40
Exclusionary condition/medication: 733
Not medically stable: 99
Laboratory value out of range: 1045

v Investigator decision: 288

— Other reason: 308
Entered the open-label run-in

(prerandomization population)
(n=6158)
Excluded before randomization (n =1372)

=1 _J Became ineligible: 217
RU n-in p h ase Medically unstable: 551
Symptoms or adverse event: 550
Laboratory value out of range: 127

Other reason: 29

Y

h

Y

Randomly assigned (n = 4786) gl i
¥
¥ ¥
Low-dose methotrexate (n =2391) Placebo (n=2395)
Withdrew consent: 57 Withdrew consent: &1
Known vital status: 2326* Known vital status: 2326*
Unknown vital status: 8 Unknown vital status: 8

1. MTX&F : MTX 15mg/wkTRHIGL. 16BR(ICEZERENERE TS Z520mg/wkICIBE
95, Ef%Z1mg/day 1B 6 HEINAR.

2. Placebo#¥ : Placebo %8 1 LIANAR. FEEE%Z 1mg/day 1 6 HREIAAR.
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Table 5. Frequency and Relative Risks Comparing Infection and Pulmonary AEs for Methotrexate Versus Placebo During the

Randomized Phase of CIRT*
AE Low-Dose Methotrexate (n = 2391) Placebo (n = 2395) Risk Difference Hazard Ratio
(95% C% (95%C1)
Events, Rate per 100 3-y Cumulative Events, Rate per 100 3-y Cumulative
n (%)t Person-Years Incidence n (% Person-Years Incidence
(95% C1) (95% C1), % (95% CI) (95% CI), %
Infection
Any 531(222) 13.6(12410148) 0.31(0.28t00.34) 466(19.5) 11.8(108t012.9) 0.27(0.25t0 0.30) 0.04(0.00 t0 0.07) 1.15(1.01 t0 1.30)
Mild 340(14.2) 8.2(7.41t09.1) 0.20(0.18t0 0.23) 282(11.8) 6.8(6.0t07.6) 0.16(0.14t0 0.18) 0.04(0.01t0 0.07) 1.21(1.03t0 1.42)
Moderate 241(10.1) 5.6(4.91063) 0.14(0.12t0 0.16) 219(9.1) 51(44105.7) 0.13(0.12t00.16) 0.01(~0.02t0 0.03) 1.10(0.911t0 1.32)
Severe 51(2.1) 1.1(0.8t0 1.4) 0.03(0.02t00.04) 50(2.1) 1.1(08t0 1.4) 0.03(0.03t0 0.05) 0.00(-0.02t0 0.01) 1.02(0.69 to 1.50)
By type
Upper respiratory 125(5.2) 28(23t03.3) 0.08(0.07t0 0.10) 105(4.4) 24(19t028) 0.06(0.05t0 0.08) 0.01(0.00t0 0.03) 1.19(0.92 to 1.54)
infection/flu
syndrome
Skin and soft tissue 129(5.4) 29(241t034) 0.08 (0.07t0 0.09) 125(5.2) 28(23t03.3) 0.08(0.07t0 0.10) 0.00(-0.02t0 0.02) 1.03(0.801t0 1.31)
Pneumonia 67(2.8) 15(1.1t01.8) 0.04(0.03t00.06) 52(2.2) 1.1(08to0 1.4) 0.03(0.02t0 0.04) 0.01(0.00 to 0.02) 1.28(0.89to 1.83)
Eye, ear, nose, throat, 182(7.6) 4.1(35t04.7) 0.11(0.09t0 0.13) 149(6.2) 34(29104.0) 0.08(0.07t0 0.10) 0.03(0.01t00.05) 1.21(0.981t0 1.51)
and dental
Genitourinary 111(4.6) 25(2.0t029) 0.06(0.05t0 0.08) 86(3.6) 19(1.5t023) 0.05(0.04t0 0.07) 0.01(~0.01t00.03) 1.30(0.98t0 1.72)
Gastrointestinal 37(1.5) 0.8(0.5t0 1.1) 0.02(0.02t0 0.03)  35(1.5) 0.8(0.5t0 1.0) 0.02(0.02t0 0.03) 0.00(-0.01t00.01) 1.05(0.66t0 1.67)
Shingles 23(1.0) 0.5(0.3t00.7) 0.01(0.01 to 0.02) 17(0.7) 04(02t00.5) 0.01(0.01t00.02) 0.00(0.00t0 0.01) 1.34(0.72t0 2.51)
Bone and joint 21(0.9) 0.5(0.3t0 0.6) 0.01(0.01 to 0.02) 11(0.5) 0.2(0.1t00.4) 0.01(0.01100.02) 0.00(0.00t0 0.01) 1.91(0.92t0 3.96)
Yeast 6(0.3) 0.1(0.0t00.2) 0.00(0.00 to 0.01) 9(0.4) 0.2(0.1t00.3) 0.01(0.00t0 0.01) 0.00(0.00t00.00) 0.66(0.24t0 1.83)
Sepsis 12(0.5) 0.3{0.1100.4) 0.01(0.00t0 0.01)  14(0.6) 0.3(0.1t00.5) 0.01(0.00t0 0.01) 0.00(-0.01t0 0.00) 0.85(0.39t0 1.82)
Not otherwise specified 22 (0.9) 05(0.3t00.7) 0.01(0.01t00.03) 22(0.9) 05(03t00.7) 0.01(0.01t00.02) 0.00(-0.01t00.01) 0.99(0.55t0 1.79)
Pulmonary events
Any 137 (5.7) 3.1(2.6103.6) 0.08 (0.07t0 0.10) 135(5.6) 3.1(25t03.6) 0.06(0.0510 0.07) 0.03(0.01 to 0.04) 1.42(1.1410 1.77)
Mild 77(32) 1.7(1.3t02.1) 0.05(0.04t0 0.06) 66(2.8) 15(1.1t01.8) 0.03(0.02t0 0.05) 0.01(0.00t0 0.03) 1.40(1.02 10 1.93)
Moderate 50(2.1) 1.1(0.8t0 1.4) 0.03(0.02t0 0.04) 61(2.5) 1.3(1.0t0 1.7) 0.02(0.01t0 0.03) 0.01(0.00to 0.02) 1.41(1.02t0 1.96)
Severe 13(0.5) 0.3(0.1100.4) 0.01(0.00t0 0.02) 8(0.3) 0.2(0.1100.3) 0.00(0.00t00.00) 0.01(0.00t00.01) 2.99(1.341t0 6.65)
By type
Bronchitis 116 (4.9) 26(21103.1) 0.07 (0.06 to 0.08) 73(3.0) 1.6(1.31t02.0) 0.04(0.03t0 0.06) 0.02(0.01to 0.04) 1.60(1.1910 2.14)
Cough 4(0.2) 0.1(0.0t0 0.2) 0.00(0.00to 0.01) 5(0.2) 0.1(0.0t00.2) 0.00(0.00t0 0.01)  0.00(0.00 to 0.00) 0.80(0.21 to 2.96)
Shortness of breath 11(0.5) 0.2(0.1t0 0.4) 0.04 (0.03 to 0.06) 8(0.3) 0.2(0.1t00.3) 0.03(0.02t0 0.04) 0.01(0.00t00.02)  1.36(0.55 to 3.38)
COPD/asthma flare 3(0.1) 0.1(0.0t00.1) 0.01(0.00 to 0.01) 6(0.3) 0.1(0.0t00.2) 0.01(0.00t0 0.02) 0.00(-0.01t0 0.00) 0.50(0.13t0 1.99)
Poeumonitis 7(0.3) 0.2(0.0t00.3) 0.00(0.00 t0 0.01) 1(0.0) 0.0(00t00.1) 0.00(0.00t0 0.01) 0.00(0.00t00.00)  4.94(0.85 to 56.0)
Not otherwise specified 1(0.0) 0.0(0.0t0 0.1) 0.00(0.00to 0.01) 2(0.1) 0.0(0.0tc0.1) 0.00(0.00t0 0.00) 0.00(0.00t00.01)  0.48(0.04t0 5.37)

AE = adverse event; CIRT = Cardiovascular Inflammation Reduction Trial; COPD = chronic obstructive pulmonary disease.

* Based on the modified intention-to-treat analyses (see text for details).

T Includes first events of a given type; percentages refer to the number of participants with a given AE divided by all participants in the respective
treatment group. The first mild, moderate, and severe event, as well as the first of each type of AE, were included.

1 Based on the 3-y cumulative incidence percentage of risk.
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Table 1. Cases of possible pneumonitis events (n = 8) among subjects randomized to receive low-dose MTX or placebo in the CIRT (n = 4,786)"

Age at Months from Weekly study drug
baseline, Ever randomization dose at clinical
Case no. years Sex  smoker toclinical onset presentation Case narrative

Vital
status

Randomized to
receive
low-dose MTX

1 68 Male No 15 20mg Dry cough started after study drug initiation with progressive mild dyspnea.
PFTs showed restrictive pattern. Chest CT scan showed peripheral
reticulation with lower lung predominance consistent with usual
interstitial pneumonia or fibrotic nonspecific interstitial pneumania.
Symptoms improved after discontinuing study drug.

2 67 Male No 15 20mg Developed subacute, progressive onset of dyspnea and was hospitalized for
hypoxemia when study drug was discontinued. Chest CT scan showed
bilateral nodular infiltrates. Treated for possible pneumonia and volurme
overload without improvement. Pathology from lung biopsy was
consistent with interstitial lung disease.

3 68 Male No 4 Omgt Acute on chronic worsening dyspnea; chest CT scan showed pulmonary
fibrosis. Study drug and amiodarone were discontinued, and prednisone
was started. Pathology from lung biopsy showed pulmonary fibrosis.
Dyspnea progressed, and patient died of respiratory failure while in
hospice care. Autopsy showed interstitial lung disease with usual
interstitial pneumonia pattern and diffuse alveolar damage.

4 70 Male No 27 20mg Increased intermittent dyspnea prompted chest CT scan that showed
possible mild pulmonary fibrosis; study drug was discontinued.

5 79 Male No 24 20mg Hospitalized for gradually progressive dyspnea. Chest CT scan showed
bibasilar honeycombing and pulmonary fibrosis. Study drug was
discontinued, and prednisane was started. Unclear clinical course, but
death certificate listed chronic interstitial pneumonia and pulmanary
fibrosis as cause of death.

6 77 Male No 2 15mg Developed worsening dyspnea on exertion; chest CT scan showed
extensive bilateral reticulonodular interstitial opacities and study drug
was discontinued. PFTs with mild restriction and diffusion abnarmality.
Imaging and symptams remained stable during follow-up.

7 685 Male Na 17 0mgt Developed new cough and infiltrates were detected on chest plain
radiograph, so study drug was discontinued. Chest CT scan showed
mediastinal and subcarinal lymphadenopathy and reticular pattern
ground-glass opacities. PFTs showed a restrictive pattern. Whole-body
positron emission tomography showed mild FDG-avidity of lymph nodes.
Clinically thought to be due to either sarcoidosis or study drug use.

Randomized to

receive placebo

1 73 Male Yes 1 20mg Developed new-onset shortness of breath, and ground-glass opacities were
detected on chest radiograph and chest CT scan. Antibiotics were started
for possible pneumonia. Amiodarone and study drug were discontinued.
Symptoms and imaging abnormalities resolved during follow-up.

Alive

Alive

Died

Alive

Died

Alive

Alive

Alive

* MTX = methotrexate; CIRT = Cardiovascular Inflammation Reduction Trial; PFTs = pulmonary function tests; CT = computed tomography; FDG = fluorodeoxyglucose.
T These subjects had discontinued study drug due to pulmonary symptoms prior to clinical presentation.
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Table 2. Baseline predictors of initial pulmonary adverse event (any level of severity)
(n=137) among subjects randomized to receive low-dose MTX in the CIRT (n = 2,391)*

Baseline variable

Unadjusted HR
(95% CI)

Multivariable HR
(95% Cl)

Age, per year

1.01(0.99-1.03)

Age, binary
<60 years 1.00 (referent) 1.00 (referent)
>60 years 1.06 (0.73-1.55) 0.99 (0.68-1.44)
Female sex (versus male) 1.71(1.18-2.48)1 1.69(1.16-2.45)t
Race
African American 1.00 (referent) 1.00 (referent)
White 1.89(0.84-4.30) 2.35(1.03-5.36)t
Asian 0.32(0.04-2.65) 0.42 (0.05-3.49)
Other 0.92 (0.23-3.68) 110 (0.27-4.39)
Body mass index category

Normal or underweight (<25 kg/m?)

1.00 (referent)

Overweight (25 to <30 kg/m’) 1.85(0.78-4.37) -

Obese (230 kg/m?)

Diabetes mellitus
Insulin use

2.04 (0.89-4.66) -

118 (0.82-1.70)
176(1.22-2.52)t

1.60 (1.11-2.30)t

Metabolic syndrome

Respiratory medication use?
Alcohol intake, per drink/week

Ever smoked (versus never smoked)
Oral corticosteroids

0.96(0.67-1.38) -
3.96(2.76-5.68)T 2.78(0.39-19.99)
0.98 (0.79-1.23) -
1.34(0.82-2.17) -
1.27(0.31-5.11) -
Inhaled corticosteroids 3.99(2.78-5.74)t 1.39(0.19-1014)
Albumin <3.9 gm/dl (versus =3.9)§ 114(0.42-3.09) -

* MTX = methotrexate; CIRT = Cardiovascular Inflammation Reduction Trial; HR = hazard
ratio; 95% Cl = 95% confidence interval.

1 Significantly associated with an increased risk of any pulmonary adverse event.
 Respiratory medications included nonsteroid, steroid, and combination inhalers as well
as oral or subcutaneous medications approved for use in asthma or chronic obstructive
pulmonary disease.

§ Data were missing for 6 patients.
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Table 3. Baseline predictors of initial severe pulmonary adverse
event (n = 13 outcomes) among subjects randomized to receive low-
dose MTX in the CIRT (n = 2,391)*

Unadjusted HR

Baseline variable (95% CI)

Age, per year 1.09 (1.02-1.16)t
Age, binary

<60 years 1.00 (referent)

>60 years 467 (0.61-35.97)
Male sex (versus female) 0.36(0.17-3.45)
Race

White 1.00 (referent)

African American -1

Asian -1

Other 1.78(0.23-13.65)
Diabetes mellitus 0.80(0.26-2.44)
Insulin use 1.66 (0.51-5.39)
Metabolic syndrome 0.53(0.18-1.59)
Respiratory medication use$ 2.43(0.67-8.81)
Alcohol intake, per drink/week 1.58 (0.83-2.98)
Ever smoked (versus never smoked) 0.67 (0.09-5.18)
Inhaled corticosteroids 2.53(0.70-9.21)
Albumin <3.9 gm/dl (versus >3.9 gm/dI)§] 0.41 (0.05-3.13)

* MTX =methotrexate; CIRT = Cardiovascular Inflammmation Reduction
Trial; HR = hazard ratio; 95% Cl = 95% confidence interval.

T Significantly associated with an increased risk of any pulmonary
adverse event.

¥ No events occurred in these strata.

§ Respiratory medications included nonsteroid, steroid, and combi-
nation inhalers as well as oral or subcutaneous medications approved
for use in asthma or chronic obstructive pulmonary disease.

9 Data were missing for 6 patients.
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