
Pulmonary physiology is poorly
associated with radiological extent of
disease in systemic sclerosis-associated
interstitial lung disease

To the Editor:

Trials in systemic sclerosis-associated interstitial lung disease (SSc-ILD) typically use forced vital capacity
(FVC) as the primary end-point [1, 2]; however, pulmonary function tests have limitations in SSc-ILD,
notably being influenced by non-ILD factors such as pulmonary hypertension and diseases of the chest
wall. High-resolution computed tomography (HRCT) may provide a more direct assessment of ILD
severity, but HRCT-derived visual and quantitative scores also have limitations. The objective of this study
was to determine the correlation of visual HRCT findings with severity, progression and mortality of
SSc-ILD, and specifically whether HRCT findings and lung function measurements provide redundant or
complementary measures of SSc-ILD severity and prognosis.

Patients with SSc-ILD were recruited from 1997 to 2014 from an ILD clinic at the University of British
Columbia (UBC) with a separate validation cohort from the University of California San Francisco
(UCSF). All patients had fibrotic ILD on HRCT and satisfied American College of Rheumatology
diagnostic criteria for SSc [3, 4]. There were no exclusion criteria. All patients provided written informed
consent for participation in prospective ILD databases (UBC H14-02858, UCSF #10-01592).

HRCTs were visually scored by one of five experienced chest radiologists (four at UBC, one at UCSF),
each with >5 years’ experience. HRCTs for the UBC cohort were performed at diagnosis and
approximately every 3 years thereafter until death or censoring, and baseline HRCTs were available for
scoring from the UCSF cohort. For the UBC cohort, HRCT scoring was based on three anatomical zones
for each lung [5]. Honeycombing, ground glass (either isolated or admixed with fibrosis) and reticulation
were recorded as percentage of affected lung in each zone, rounded to the nearest 5%. HRCT fibrosis score
was calculated as the combined percentage of honeycombing and reticulation, and total ILD score also
including the percentage of ground glass. UCSF scoring was based on five anatomical zones for each lung
with determination of the HRCT total ILD score [6]. Pulmonary function tests were performed as
clinically indicated (typically every 6 months). The SADL and ILD-GAP models were calculated as
previously described [7, 8].

Linear regression was used to determine the association of HRCT scores with baseline lung function. For
survival, Cox proportional hazards analysis was performed unadjusted and then with two separate models
that adjusted for the SADL and ILD-GAP models. A linear mixed effects model was used to determine
association of HRCT scores with change in FVC and diffusing capacity of the lung for carbon monoxide
(DLCO) in the 1.5 years preceding and following each HRCT, allowing patients with multiple HRCTs to
contribute non-overlapping lung function trajectories that corresponded to the date of each HRCT. The
UCSF cohort was used for validation of the analysis examining the correlation of HRCT scores with
baseline lung function.

A total of 394 HRCT scans were analysed from 145 UBC patients (84% female) and 89 HRCTs from 89
UCSF patients (72% female), with a pooled mean age of 54 years, FVC of 75%, and DLCO of 53% at
diagnosis. In the UBC cohort, 27% of patients had a ⩾10 pack-year smoking history, 98% had antinuclear
antibodies, 37% had anti-Scl-70 antibodies, and 14% had anti-centromere antibodies. A right ventricular
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systolic pressure (RVSP) ⩾40 mmHg by echocardiography was present in 12% of the UBC cohort at
baseline. The median HRCT fibrosis score and total ILD scores were 6.7% (3.3–10.8%) and 10.0% (4.2–
17.5%) at baseline, respectively, and were highly correlated with each other (r=0.89, p<0.001). Median
survival was 11.0 years in the UBC cohort, with 39 patients (27% of the cohort) deceased at the end of the
follow-up period.

On unadjusted analysis, both HRCT fibrosis score and HRCT total ILD score were moderately associated
with each lung function parameter in patients with SSc-ILD from the UBC cohort (figure 1). Independent
predictors of HRCT fibrosis score and HRCT total ILD score included only total lung capacity (TLC) %
predicted and DLCO % predicted, with an R2 of 0.20 for both models. HRCT ground glass score was not
associated with any lung function measurement. Findings were similar when restricting the analysis to
patients with an RVSP <40 mmHg and with exclusion of patients with ⩾10 pack-year smoking history or
with anticentromere antibodies. In the UCSF cohort, HRCT total ILD score was associated with FVC %
predicted (r=−0.21, p=0.05), TLC % predicted (r=0.28, p=0.01), and DLCO % predicted (r=−0.42, p<0.001)
on unadjusted analysis. DLCO % predicted was the only independent predictor of HRCT total ILD score in
the UCSF cohort (R2=0.11).

There was no association of any HRCT score with change in FVC, and only HRCT total ILD score
was associated with change in DLCO. With adjustment for the ILD-GAP and SADL models, both
HRCT fibrosis score and HRCT total ILD score were independently associated with survival, while
there was no association of survival with HRCT ground glass score. The hazard ratio (HR) for the
association of HRCT fibrosis score with mortality was 1.34 per 10% increase in fibrosis score (95% CI
1.17–1.54) with adjustment for SADL (p=0.001), and 1.22 (1.05–1.41) with adjustment for ILD-GAP
(p=0.008).
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FIGURE 1 Correlation of lung function and high-resolution computed tomography (HRCT) parameters at baseline in the University of British
Columbia cohort. Both x and y axes indicate % predicted for lung function measurements and percent of affected lung for HRCT scores. Shaded
scatterplots highlight the inconsistent association between lung function and HRCT measures. FVC: forced vital capacity; TLC: total lung capacity;
DLCO: diffusing capacity of the lung for carbon monoxide.

https://doi.org/10.1183/13993003.02182-2018 2

RESEARCH LETTER | A. JHAJJ ET AL.



Although we identified both TLC and DLCO as independent predictors of HRCT severity, the strength of
association was poor and HRCT severity was also not associated with change in lung function. Despite
these findings, HRCT severity was an independent predictor of mortality with adjustment for established
composite scores that are predominantly based on lung function. Together, these findings suggest that
lung function and HRCT visual scores provide distinct and complementary information in patients with
SSc-ILD.

Similar to previous studies in SSc-ILD [9–11], we confirm that DLCO is the physiological variable that is
most strongly associated with radiological fibrosis severity; however, the multivariate models predicted only
a minor amount of the variability in HRCT visual scores in both cohorts. This relatively poor model
performance may relate to the presence of non-ILD manifestations of SSc that are captured by pulmonary
function measurements, but not by HRCT. Importantly, the lack of strong association applied to all
lung function measurements and persisted with exclusion of patients who had high RVSP, significant
smoking history or anti-centromere antibodies. We replicated these findings in a second cohort. The
slightly different HRCT scoring method used for our two cohorts is a strength of this study, indicating
that our findings are less likely to be influenced by unique study population features or subjective
radiologist interpretation.

We showed that HRCT visual scores were associated with mortality, including with adjustment for
established prediction models, suggesting that HRCT severity might be useful as a tool for enrichment
of clinical trials. These findings have important implications since FVC and DLCO have conventionally
been used to monitor SSc-ILD patients, and FVC has also been used as the primary end-point in
major SSc-ILD clinical trials [1, 2]. As recently recommended [12], our data suggest that clinical trials
in SSc-ILD should include imaging-based analysis as a complementary and possibly more direct
measurement of ILD severity. This is also supported by evidence that HRCT findings are more
sensitive for monitoring disease progression in early SSc-ILD compared to FVC [13–15]. The small
number of deaths in the UCSF cohort precluded validation of the mortality findings, and the
non-standardised timing of HRCTs in our retrospective cohort also prevented a detailed assessment of
how HRCT variables change over time and whether this change is prognostically informative. These
are additional essential steps in demonstrating potential utility of HRCT variables in future clinical
trials. Further studies are also needed to evaluate the relative merits of quantitative imaging compared
to visual HRCT assessment.

In summary, we show that lung function is poorly associated with HRCT visual scores in two independent
cohorts of patients with SSc-ILD, while HRCT severity is independently associated with future mortality.
These findings demonstrate that pulmonary function tests and visual HRCT parameters are important and
distinct measures in SSc-ILD, indicating that pulmonary function tests should be supplemented with
additional ILD severity measures when precise determination of disease progression is desired.
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