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Abstract

We evaluated the safety and effectiveness of adjunctive tacrolimus therapy with conventional 

immunosuppression in patients with severe connective tissue disease-related interstitial lung 

disease (CTD-ILD).

We included patients from our interstitial lung disease (ILD) registry with CTD-ILD, in whom 

tacrolimus was added to corticosteroids and an additional immunosuppressive agent. Demographic 

data, clinical features, lung function, radiographic images, and pathologic findings were reviewed. 

Effectiveness was assessed by comparing pulmonary function tests (PFTs) closest to tacrolimus 

initiation to PFTs approximately 6–12 months later. Corticosteroid dose at these time points was 

also evaluated. We report adverse events attributed to tacrolimus.

Seventeen patients with CTD-ILD were included in adverse event analysis; twelve were included 

in efficacy analysis. Length of tacrolimus therapy ranged from 6 to 110 months (mean 38.8 

months ± 31.4). The mean improvement in percent predicted total lung capacity was 7.5% ± 11.7 

(p=0.02). Forced vital capacity mean improvement was 7.4% ± 12.5 (p=0.06). The average 

decrease in corticosteroid dose at follow-up was 20.3mg ± 25.2 (p=0.02) with complete 

discontinuation in six patients. No patients experienced a life-threatening adverse event attributed 

to tacrolimus.

Tacrolimus can be effective and is well tolerated as an adjunctive therapy and allows tapering of 

corticosteroids.
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1. INTRODUCTION

Interstitial lung disease (ILD) related to connective tissue disease (CTD) causes significant 

morbidity and mortality (1–3). Dermatomyositis (DM) and polymyositis (PM) are idiopathic 

inflammatory myopathies associated with ILD that may be rapidly progressive, difficult to 

treat, and require multiple therapeutic agents (1, 4, 5). Anti-synthetase syndrome (ASA) is a 

form of the inflammatory myopathies characterized by an anti-aminoacycl transfer RNA 

synthetase antibody along with myositis, arthritis, Raynaud’s phenomenon or mechanic’s 

hands, with associated ILD that is often severe (3, 6). Some patients with ILD have 

autoimmune features suggested by clinical findings, serological studies or morphology, but 

do not fulfill criteria for a specific CTD (1, 2, 7), defined here as undifferentiated connective 

tissue disease (UCTD).

Corticosteroids have been the mainstay of treatment in CTD-ILD, with the addition of an 

immunosuppressive agent when prolonged corticosteroid administration is necessary or fails 

to control disease (1, 8, 9). Treatment is challenging when patients with CTD-ILD progress 

rapidly, have evidence of fibrosis, are refractory to “conventional therapy”, or are unable to 

tolerate corticosteroid tapering. ILD can be the primary manifestation of ASA, and lung 

disease in these patients is often more aggressive, requiring multiple immunosuppressive 

agents (10–14).

Because T cells may play a role in ILD pathogenesis in many CTDs (15), tacrolimus has 

been utilized as a therapy (16). Tacrolimus is a calcineurin inhibitor with multiple 

immunomodulating mechanisms, including the inhibition of T-lymphocyte proliferation and 

IL-2 transcription (17). Several studies conducted in transplant patients have demonstrated 

that tacrolimus is more potent that cyclosporine with a more favorable side effect profile, 

and may allow discontinuation of corticosteroids (18–20). Potentially serious side effects of 

tacrolimus include hypertension, kidney injury and renal failure, diabetes, cytopenias, and 

neurotoxicity (21). Toxicity may be limited by avoiding high serum levels (22). Previous 

studies have demonstrated benefit from tacrolimus in addition to corticosteroids for 

treatment of both refractory myositis and ILD in patients with PM, DM, or ASA (15, 16, 

23–27).

This case series reports seventeen patients with CTD-ILD in whom adjunctive tacrolimus 

was used in addition to conventional immunosuppressive therapy because of progressive or 

severe ILD. We hypothesize that using two immunosuppressive agents with different 

mechanisms of action allows for multi-mechanistic immunosuppression, permits 

administration at doses that limit toxicity, avoids or limits exposure to cyclophosphamide 

(28), and diminishes the length and dosage of treatment with corticosteroids. We show 

benefit in ILD treatment not only in patients with DM, PM, and ASA, but also with UCTD 

as well. Some of the results of these studies have been previously reported in abstract form. 

(29, 30)
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2. METHODS

2.1 Study design

Our ILD registry (IRB 14163A) was queried for ICD-9 diagnostic codes of dermatomyositis 

(710.3), polymyositis (710.4), and UCTD (710.9) over the period from 2005 to May 2014 

(figure 1). We then searched each patient’s electronic medical record using the terms 

“tacrolimus” and “Prograf” to find all patients treated with tacrolimus and conventional 

therapy, defined here as corticosteroids plus an additional immunosuppressive agent. 

Ninety-six patients were excluded, as they had not received treatment with tacrolimus for 

ILD, leaving seventeen patients for further analysis. All seventeen patients were assessed for 

adverse events during the time they were treated with tacrolimus. Five of these patients were 

excluded from efficacy analysis due to significant missing data, such as unknown length of 

tacrolimus treatment and lack of followup pulmonary function test (PFT) data. Two of these 

patients were excluded for insufficient length of treatment with tacrolimus; patient 13 

terminating the drug due to nausea and vomiting and patient 14 terminating tacrolimus due 

to rapid clinical progression of ILD despite tacrolimus therapy. This left twelve patients for 

efficacy analysis. We performed a retrospective analysis of demographic data, medical 

history, clinical features, lung function, six-minute walk distance (6MWD), radiographic 

images, pathologic findings, laboratory data, adverse events, and immunosuppressive 

therapy including prednisone dosing. This study’s rheumatologist (JC) confirmed the CTD 

diagnoses based on clinical presentation and laboratory data. Primary ILD type was 

determined by review of lung biopsy findings when available and high-resolution CT scan 

(HRCT) by our institution’s multidisciplinary ILD team, which includes a dedicated 

pulmonary pathologist and chest radiologists. Evidence for fibrosis was assessed on 

pathology by identifying usual interstitial pneumonia (UIP) or fibrotic non-specific 

interstitial pneumonia (fNSIP) and on HRCT by finding traction bronchiectasis or a UIP-like 

pattern including honeycombing.

2.2 Tacrolimus prescribing practice and safety monitoring

Tacrolimus was added to each patient’s regimen of corticosteroids and an additional 

immunosuppressive agent to control severe and/or progressive ILD, avoid or limit use of 

cyclophosphamide, and/or diminish the length and dosage of treatment with corticosteroids. 

In the majority of patients (n=15), tacrolimus was started in the outpatient setting. 

Tacrolimus was started initially at a dose of 1 mg twice daily titrated by 1–2 mg daily with 

the goal of at least seven days between dose adjustment until target trough levels were 

reached, with final doses ranging from 1 mg twice daily to 6 mg twice daily. Laboratory 

monitoring included a complete metabolic panel, complete blood count and tacrolimus 

trough level drawn after initiation and 10–14 days after each dose adjustment and blood 

pressure was monitored. To limit toxicity, target 12-hour tacrolimus trough levels were 5–8 

ng/mL, which is lower than that used in most post-transplant patients (31). Prophylaxis for 

pneumocystis jiroveci pneumonia was prescribed, usually with sulfamethoxazole/

trimethoprim, which has been demonstrated to be safe and effective against this pathogen 

(32).
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2.3 Statistical analysis

Continuous variables are presented as mean with standard deviation using Wilcoxon signed 

rank test to determine significance. Categorical variables are reported as counts. The 

pulmonary function tests (PFTs) chosen for evaluation were those performed closest to the 

initiation of tacrolimus as compared to those 6–12 months following tacrolimus initiation. If 

more than one full set of PFTs was available during this time frame, the PFTs closest to 6 

months were selected. Ten of twelve patients had baseline PFT data available before 

tacrolimus was started (ranging from two months to the day of initiation). Patient 7’s 

baseline PFTs were collected 8 days after initiation and patient 10’s baseline PFTs were two 

months after initiation. Likewise, prednisone dosages were selected nearest to the baseline 

and follow-up PFTs. If the patient was on an alternate corticosteroid (e.g. 

methylprednisolone or cortisone acetate) these dosages were converted to equivalent 

prednisone dosages. All statistical analyses were performed using STATA with the 

assistance of a University of Chicago biostatistician. P values ≤ 0.05 were considered 

statistically significant.

3. RESULTS

3.1 Clinical features

Seventeen patients were evaluated, twelve with an idiopathic inflammatory myopathy and 

five with UCTD (figure 1). Twelve patients received tacrolimus for greater than or equal to 

six months and had follow-up data sufficient for inclusion in the efficacy analysis. 

Demographic information, CTD features, ILD morphology, and concurrent 

immunosuppressive therapy are presented in table 1. All but one of twelve patients had 

evidence for fibrosis either by HRCT or pathology. Length of tacrolimus treatment ranged 

from 6 to 110 months (mean 38.8 months ± 31.4). The average time from ILD diagnosis to 

the initiation of tacrolimus was 18.8 months (data unavailable for one patient). Most patients 

(7 of 12) were treated with azathioprine concurrently with tacrolimus and corticosteroids. 

Dose of conventional non-steroidal immunosuppressive therapy prescribed with tacrolimus 

is reported in table 1. Baseline mean percent predicted FVC was 59.4% ± 17.4 (figure 2a). 

Baseline mean percent predicted DLCO was 47.4% ± 13.6 (data unavailable for one patient) 

(figure 2b).

3.2 Effect of treatment

All but one of twelve patients experienced stabilization or improvement in TLC (table 2). 

The mean change in percent predicted TLC was 7.5% ± 11.7; p = 0.02. Three patients 

experienced a mild decline in FVC; the rest had stabilization or improvement. The average 

improvement in percent predicted FVC was 7.4% ± 12.5 (p=0.06) (figure 2a). Ten of eleven 

patients had stabilization or improvement in percent predicted DLCO (one patient was 

unable to perform the DLCO maneuver), with a mean improvement of 10.0% ± 17.0 

(p=0.02) (figure 2b). In all but one patient, corticosteroid dose was decreased at the time of 

follow-up PFTs (table 2). The average decrease in prednisone dose at follow-up was 20.3 

mg ± 25.2 (p=0.02) (figure 2c). Six patients discontinued prednisone altogether. One patient 

eventually required lung transplantation. One patient died from progressive ILD, likely 

Witt et al. Page 4

Pulm Pharmacol Ther. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



related to refractory gastroesophageal reflux with aspiration, four years after treatment with 

tacrolimus was started.

3.3 Adverse events

None of the seventeen patients had a life-threatening adverse event attributed to tacrolimus 

(table 3). The most common adverse event was pneumonia. Two patients were hospitalized 

with adverse events that might have been related to tacrolimus. One patient was hospitalized 

for pneumonia six days after starting tacrolimus. Three patients had transient acute kidney 

injury that resolved, one attributed to hypovolemia caused by illness (peak creatinine 2.2, 

resolved after two days with fluids, tacrolimus level was in target range) and two possibly 

attributable to tacrolimus, both with peak Cr of 1.6 but without supratherapeutic tacrolimus 

levels. Subsequent creatinine values were normal without dose adjustment. Other side 

effects were mild and self-limited. Only one patient discontinued due to intolerance (nausea 

and vomiting; patient 13, table 1).

4. SELECTED PATIENT VIGNETTES

4.1 Patient 1

47-year-old woman with UCTD presented with progressive ILD despite increasing doses of 

prednisone and azathioprine 150 mg daily (table 3). HRCT showed patchy ground glass 

opacities bilaterally with areas of traction bronchiectasis consistent with fNSIP and 

organizing pneumonia (OP). Surgical lung biopsy revealed OP. (figure 3a). The addition of 

tacrolimus resulted in improvement in respiratory symptoms, oxygenation, serologies, lung 

function and HRCT (table 4, figure 3b). While on tacrolimus, she experienced one episode 

of leukopenia, which resolved with transient cessation of tacrolimus, herpes zoster, and one 

episode of diarrhea and abdominal pain. Hyperglycemia resolved with corticosteroid 

discontinuation. Tacrolimus was discontinued 27 months after initiation. She remains in 

remission on azathioprine 125 mg daily with significant improvement in HRCT and PFTs.

4.2 Patient 2

47 year-old man with UCTD-ILD initially improved on azathioprine and corticosteroids. 

HRCT revealed fNSIP (table 1). Approximately one year after diagnosis with ILD, his 

exercise tolerance and 6MWD began to decline as prednisone was tapered despite 

azathioprine 150 mg daily, so tacrolimus was added. Eight months later, his lung function 

markedly improved as well as his exercise tolerance allowing significant reduction in 

prednisone dose followed by discontinuation (table 2). Tacrolimus was discontinued 25 

months after initiation. Complications possibly related to tacrolimus were recurrent sinusitis 

and new hypertension, both of which have been successfully treated. He remains in 

remission on azathioprine 150 mg daily.

4.3 Patient 3

66 year-old man with DM and OP/fNSIP on HRCT and lung pathology (table 1) 

experienced worsening pulmonary symptoms coincident with prednisone tapering from 30 

mg daily despite mycophenolate mofetil 1500 mg twice daily. He had previously received a 

six-month course of intravenous cyclophosphamide and intravenous immunoglobulin G 
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(IVIG). Azathioprine could not be used due to an acute hypersensitivity reaction. Eight 

months after initiation of tacrolimus, pulmonary symptoms and lung function improved 

allowing prednisone tapering. Herpes zoster complicated tacrolimus therapy. He remains in 

remission off prednisone for 3 years. He has been treated with tacrolimus for 64 months, as 

attempts at tapering either tacrolimus or mycophenolate mofetil result in ILD flares.

4.4 Patient 7

50 year-old woman transferred to our intensive care unit with acute hypoxemic respiratory 

failure requiring mechanical ventilation. Prior to this hospitalization, she had arthralgias, 

progressive dry cough, and shortness of breath. HRCT showed diffuse ground glass 

opacities suggestive of diffuse alveolar damage (DAD) and Jo-1 antibody was positive 

(table 1), leading to the diagnosis of ASA. Despite antibiotics and methylprednisolone 125 

mg every 8 hours, her respiratory failure progressed, so IV cyclophosphamide and 

tacrolimus were initiated four days after transfer. Shortly thereafter, the patient was 

extubated to BiPAP and later discharged on home oxygen. Following a final dose of IV 

cyclophosphamide, azathioprine was added to tacrolimus and prednisone. Ten months later, 

her lung function improved to normal with excellent exercise ability (table 2). She has been 

treated with tacrolimus for 26 months, along with azathioprine tapered from 150 mg to 50 

mg daily. Prednisone was tapered off. She remains in remission with normal lung function 

and no longer requires supplemental oxygen.

4.5 Patient 8

71 year-old man with ASA, fNSIP/DAD on HRCT and OP/DAD on lung pathology was 

transferred to our institution with acute hypoxemic respiratory failure requiring high flow 

supplemental oxygen despite azathioprine 150 mg daily and prednisone 40 mg daily (table 

1). Prednisone was increased to 60 mg daily and tacrolimus was added which resulted in 

improvement in hypoxemia such that he could be discharged from the hospital. At 8-month 

follow-up, pulmonary function remained severely reduced but stable with a decreased dose 

of prednisone. He has been on tacrolimus for 17 months, azathioprine has been decreased to 

125 mg daily, and prednisone has been tapered to 10 mg daily. He has experienced three 

isolated and transient elevations in creatinine; peak of 1.6 possibly related to tacrolimus, 

though without associated supratherapeutic tacrolimus levels.

5. DISCUSSION

In this investigation, we report the chronic use of tacrolimus in addition to conventional 

therapy with prednisone and another immunosuppressive agent, in a cohort of patients with 

severe and/or progressive CTD-ILD. We demonstrate stabilization or improvement at initial 

follow-up, as well as a significantly decreased corticosteroid dose, despite severe ILD 

including fibrosis and markedly reduced lung function at baseline. In a subset of patients, 

tacrolimus allowed for complete cessation of corticosteroids, likely avoiding significant side 

effects from prolonged corticosteroid exposure. Tacrolimus was well tolerated; only one of 

seventeen patients terminated therapy due to drug intolerance.
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It is our hypothesis that tacrolimus co-administration with conventional therapy 

(corticosteroids and another immunosuppressive agent) augments clinical response by 

suppressing multiple immunologic pathways responsible for ILD in these patients. Among 

posttransplant patients, this “triple immunosuppressive therapy” is standard of care, and 

patients are routinely treated with corticosteroids, an anti-metabolite (azathioprine) or 

inhibitor of nucleotide synthesis (mycophenolate mofetil) and calcineurin inhibitor 

(tacrolimus or cyclosporine) immediately post-transplant (21). As in the post-transplant 

population, we demonstrated that multi-modality immunosuppression could be both safe and 

effective as rescue therapy in patients with severe ILD related to CTD. Data is mixed on the 

interaction between tacrolimus and mycophenolate mofetil in particular, but it is known in 

the transplant population that the addition of mycophenolate mofetil to tacrolimus causes a 

lower incidence of acute rejection (33).

Current therapy for CTD-ILD is based on expert opinion and practitioner comfort with 

existing agents. There are few prospective randomized trials to guide treatment in patients 

with severe or rapidly progressive ILD, especially those with an idiopathic inflammatory 

myopathy where mortality has historically been high (13, 34). Since the initial report by 

Oddis of response to tacrolimus in patients with refractory ILD related to the idiopathic 

inflammatory myopathies (16), several case reports and case studies have proposed the use 

of tacrolimus in addition to corticosteroids in this population. In 2012, Matsubara and 

colleagues summarized the published data on treatment of DM/PM patients with tacrolimus 

and at that time, only twentyseven such patients had been reported (35).

More recently, Kurita et al demonstrated improved event and disease-free survival with the 

addition of tacrolimus to corticosteroids and occasionally cyclophosphamide in twenty-five 

patients with DM/PM-ILD as compared to matched controls (27). Compared to this study, 

our patients had significantly worse baseline lung function (FVC mean 59.4% vs. 77.9% and 

DLCO mean 47.4% vs. 53.2%). As such, our study adds credence to the mounting evidence 

for the effectiveness of tacrolimus in patients with severe ILD.

Rituximab has been proposed as rescue therapy for severe CTD-ILD. Keir et al 

demonstrated, in a case series of eight patients, that most patients experienced improved 

lung function at follow-up 9–12 months after treatment with rituximab (36). As in our study, 

some patients were initiated on concurrent immunosuppressive therapies (corticosteroids 

and/or cyclophosphamide in addition to the study agent) due to disease severity. Given 

factors limiting access to rituximab including high cost and requirements for insurance prior 

authorization, we propose that tacrolimus may be a more readily available rescue therapy for 

some patients.

This study is limited by its retrospective design, which does not permit controlling for 

multiple variables in the clinical course of each patient (e.g. lack of standardization of 

concurrent treatment with other immunosuppressive agents). The study is also limited by its 

lack of a control arm to demonstrate the natural history of severe CTD-ILD without an 

additional immunosuppressive agent. As is the case in a retrospective study, baseline and 

follow-up PFT data could not be strictly standardized. Additionally, it was not possible to 

evaluate decline in lung function in the months prior to tacrolimus initiation, as many 
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patients were referred from other institutions and this data was not uniformly available for 

analysis.

Randomized, prospective and controlled studies are difficult to perform in this patient 

population, therefore data is limited in the treatment of CTD-ILD. Of note, most patients in 

this series had evidence of fibrosis on pathology or HRCT, yet experienced improvement 

with immunosuppression. We note that despite the presence of UIP in some of our patients, 

immunosuppression was able to be used both safely and effectively in contrast to patients 

with idiopathic pulmonary fibrosis (37). This argues for careful phenotyping of fibrotic 

CTD-ILD before initiating immunosuppression. Only individuals familiar with the 

pharmacology and potential toxicities of these immunosuppressive agents should administer 

them, with careful monitoring.

In conclusion, this case series demonstrates that tacrolimus can be safe and effective for the 

treatment of severe, progressive CTD-ILD, even in the setting of acute hypoxemic 

respiratory failure or fibrosis. Careful monitoring of tacrolimus trough levels, blood 

pressure, electrolytes, and renal function permitted the chronic, safe co-administration of 

tacrolimus. Tacrolimus should be considered in patients who have failed conventional 

therapy or with severe and/or rapidly progressive ILD related to an idiopathic inflammatory 

myopathy or UCTD with careful clinical monitoring as outlined in the ACCP guidelines 

(31).
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Figure 1. 
Enrollment

DM: dermatomyositis; PM: polymyositis; IIM: idiopathic inflammatory myopathy; UCTD: 

undifferentiated connective tissue disease; ILD: interstitial lung disease

Five of seventeen patients (one with dermatomyositis, one with anti-synthetase syndrome, 

three with UCTD) were excluded from efficacy analysis due to incomplete data. These 

patients were included in adverse event analysis.
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Figure 2. 
Figure 2a. Change in FVC with tacrolimus

Change in forced vital capacity (FVC) from baseline PFTs to those at follow-up 4–13 

months after tacrolimus start. Mean baseline FVC was 59.4% ± 17.4 with a mean 

improvement of 7.4% ± 12.5 (p = 0.06).

Figure 2b. Change in DLCO with tacrolimus

Change in diffusion capacity of the lung for carbon monoxide (DLCO) percent predicted 

from baseline PFTs to those at follow-up 4–13 months after tacrolimus start. Mean baseline 

DLCO was 47.4% ± 13.6 with a mean improvement of 10.0% ± 17.0 (p = 0.02).

Figure 2c. Change in prednisone dose with tacrolimus

Change in prednisone dose (mg) from the clinic visit nearest the baseline PFTs to the visit 

nearest follow-up PFTs 4–13 months after tacrolimus start. Mean average decrease in 

prednisone dose at follow-up was 20.3 ± 25.2 (p=0.02).

Of note, patient 4’s increase in prednisone dose is a result of comparing dosages from the 

clinic visit nearest baseline and follow-up PFTs. His baseline PFT was performed two 

months before tacrolimus initiation, and his clinical course necessitated an increase in 

prednisone to 40 mg by the time of tacrolimus initiation.
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Figure 3. 
Figure 3a. Patient 1 HRCT Before Tacrolimus Treatment

12/2008: HRCT during patient 1’s initial hospitalization demonstrates reticulonodular 

interstitial abnormalities and patchy ground-glass opacities bilaterally.

Figure 3b. Patient 1 HRCT After Tacrolimus Treatment

10/2009: HRCT 6 months post-tacrolimus initiation reveals that the reticular interstitial 

opacities are less coarse and ground-glass opacities are decreased.
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Table 3

Adverse events possibly related to tacrolimus

Event Number of Patients

Pneumonia 4

Acute kidney injury 3

Hospitalization 2

Herpes zoster 2

Nausea/vomiting 2

Tremor 3

Leukopenia 1

Abdominal pain 1

Diarrhea 1

Hypertension (new-onset) 1

Sinusitis 1

Death 0
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Table 4

Effect of addition of tacrolimus on course of Patient 1

2008 2009 2011 2012

December March March March

Months of tacrolimus therapy Pre-treatment 0 months (date of initiation) 24 months 8 months after 
discontinuation

Medications Prednisone 30 mg 
daily

Prednisone 60 mg daily 
Azathioprine 150 mg daily

Prednisone 5 mg daily 
Tacrolimus 2 mg BID 
Azathioprine 125 mg 

daily

Azathioprine 125 mg 
daily

TLC (% predicted) 52% 40% 62% 70%

FVC (% predicted) 43% 26% 58% 66%

DLCO (% predicted) 37% Unable to perform 58% 68%

O2 saturation 100 on room air On 2L/min oxygen Rest: 
98% Post-walk: 84%

On room air Rest: 
97% Post-walk: 100%

On room air Rest: 99% 
Post-walk: 100%

6 minute walk distance Not performed 164.6 meters 457.2 meters 508.7 meters

CRP (mg/L) Normal: <5 mg/L 21 → 161 4

ANA (titer) Normal: 0–80 1280 160

Aldolase (U/L) Normal: 2–8 
U/L

11.3 5.0
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