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ABSTRACT
There are two treatment options for interstitial lung disease-associated with systemic
sclerosis (SSc-ILD), namely, immunosuppressants (cyclophosphamide, mycophenolate
mofetil, etc.) and anti-fibrotic drug (nintedanib). The efficacy of immunosuppressants
for SSc-ILD is variable, possibly reflecting the heterogeneity of underlying disease
mechanisms. If it is possible to identify the subgroup of SSc-ILD patients responsive or

Systemic sclerosis
Digital ulcer
Digital shortening
Atrophy of finger pad
Cyclophosphamide
Interstitial lung disease

refractory to immunosuppressants, it would help us select SSc-ILD patients who are
suitable for treatment with immunosuppressants or nintedanib. In this study, we focused
on macroscopic digital changes, including digital ulcers, shortening of digits and
atrophy of finger pad that reflect the severity of vasculopathy, and assessed their
association with cyclophosphamide efficacy in SSc-ILD patients. Digital shortening and
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finger pad atrophy were defined by some parameters calculated from data of
healthy digits. The prevalence of ILD and the efficacy of cyclophosphamide were
compared between SSc patients with and without macroscopic digital changes. The
prevalence of ILD was significantly increased in SSc patients with digital ulcers as
compared to those without. In patients without digital ulcers, the presence of digital
shortening and/or atrophy of finger pad was much more associated with ILD. With
respect to the efficacy of cyclophosphamide evaluated by serum surfactant protein D
levels, the frequency of responders was significantly higher in patients with finger
changes than in those with intact fingers. These results suggest that macroscopic digital
changes may serve as a predictive factor for response to cyclophosphamide in
patients with SSc-ILD.

INTRODUCTION
Systemic Sclerosis (SSc) is a multisystem autoimmune and vascular disorder resulting in
multiple organ fibrosis [1,2]. Although its entire pathogenesis remains enigmatic, the
initial trigger is believed to be vascular injury due to autoimmune attacks and
unidentified environmental factors. Injured blood vessels undergo dysregulated
remodeling, leading to vascular structural abnormalities, such as arteriolar stenosis
and capillary loss. In parallel, the pathological inflammation is induced by activated
endothelial cells expressing cell adhesion molecules, chemokines and cytokines, as well
as by innate immune response related to endothelial apoptosis. These vascular and
inflammatory changes eventually facilitate the transition of interstitial fibroblasts
originating from resident fibroblasts, fibrocytes, endothelial cells, epithelial cells and
adipocytes, to myofibroblasts producing the excessive amount of extracellular matrix
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[3-5]. Thus, vasculopathy is a critical disease process underlying

also exerts its anti-inflammatory and anti-fibrotic effects on

the development of multiple organ fibrosis in SSc.

SSc-ILD by acting on vasculopathy [16-19]. Generally, the

SSc vasculopathy is classified into two categories; proliferative

efficacy of these therapies for SSc-ILD is variable, and clinical

obliterative

vasculopathy

vasculopathy.

indicators are required to choose the subset of patients who

Proliferative

obliterative

histologically

preferentially respond to either immunosuppressants or anti-

and

destructive

vasculopathy

is

characterized by the occlusion of arterioles and small arteries

fibrotic drug.

with the proliferation of a-smooth muscle actin-positive cells,

Under this situation, we accidentally experienced a couple of

which is directly relevant to the development of digital ulcers,

consecutive

pulmonary arterial hypertension and scleroderma renal crisis.

Cyclophosphamide Pulse (IVCY), all of whom had none of

Destructive vasculopathy represents capillary loss, resulting in

digital ulcers, gangrenes, digital shortening and atrophy of

the induction of tissue fibrosis at least partially through the

finger pad, suggesting that intact fingers may be a predictive

activation of interstitial fibroblasts by hypoxia. These two

factor for poor response to IVCY. In this study, therefore, we

vascular changes concomitantly occur and induce various

investigated the association between digital changes and IVCY

cutaneous manifestations and organ involvement [6,7]. With

efficacy in patients with SSc-ILD.

respect to fingers, SSc patients frequently manifest with digital

METHODS

ulcers, gangrenes, shortening of digits and atrophy of finger

Ethical Statement

pad. Digital ulcers and gangrenes are caused by multiple

This study was approved by the ethical committee of University

mechanisms,

of Tokyo Graduate School of Medicine. Written informed

such

as

repetitive

microtrauma,

impaired

SSc-ILD

patients

refractory

to

Intravenous

circulation, delayed wound healing and bacterial infection [8].

consent was obtained from all the participants.

Shortening of digits is attributable to the absorption of digital

Patients and the definition of ILD

bones and/or tissue loss of the skin and subcutaneous tissues

We enrolled 100 healthy controls (50 males and 50 females;

due to impaired circulation and digital ulcers/gangrenes.

age, median [25-75 percentile]: 57 years [45.0-69.8]) and

Atrophy of finger pad is owing to loss of subcutaneous fat

166 patients (9 men and 157 women, age, 55 years [45.0-

tissue due to impaired circulation and fibrosis. Although these

63.0]; disease duration, 3 years [1.0-10.0]) who presented to

digital changes occur to variable degrees in a large portion of

the dermatology department of The University of Tokyo

SSc patients, there is an SSc subset with intact digits even

Hospital between 2001 and 2014. All the patients fulfilled the

though fibrosis of the skin and internal organs extensively

new classification criteria of SSc [20]. For each patient, the

spreads. Although the association of digital ulcers with other

data regarding ILD and clinical features of digits were

clinical symptoms have been well studied, the clinical

obtained from the medical record. ILD was defined as

significance of digital shortening and finger pad atrophy

bibasilar interstitial fibrosis and/or alveolitis on high-resolution

remains unknown.

computed tomography.

Interstitial Lung Disease (ILD) is a leading cause of mortality in

Statistical Analysis

SSc patients, as well as pulmonary arterial hypertension [9]. So

Statistical

far, there are two major treatment options for ILD associated

probability test for the analysis of frequency and Mann-

with SSc (SSc-ILD), namely, immunosuppressants and anti-

Whitney U test to compare two unpaired data. Statistical

fibrotic drug (nintedanib) [10-15]. Cyclophosphamide and

significance was defined as a P value of <0.05.

mycophenolate mofetil with or without corticosteroid are widely

RESULTS

used as the first-line treatment, while nintedanib has recently
started

to

be

used

alone

or

in

combination

with

immunosuppressants. Cyclophosphamide was initially applied
to SSc-ILD due to its immunosuppressive property, but
accumulating evidence has revealed that cyclophosphamide

analysis was conducted

with Fisher’s exact

Definitions of digital shortening and finger pad atrophy
We initially examined the numerical parameters of the index,
middle and ring fingers in 100 healthy controls to define
digital shortening and atrophy of finger pad. As shown in
(Figure 1A-1C), we measured the distance from tip to Distal

02
Macroscopic Digital Changes: A Predictive Factor for Response to Cyclophosphamide in Systemic Sclerosis - Associated
Interstitial Lung Disease. Pharmaceutical Sciences And Biomedical Analysis Journal. 2021; 4(1):125.

Pharmaceutical Sciences And Biomedical Analysis Journal
Interphalangeal (DIP) joint (defined as ‘a’) and to proximal

Table 1: Summary of measures obtained from the digits of

interphalangeal joint (defined as ‘b’), an angle between the

healthy controls.

line of the finger at extended position and the tangential line
a/b

c (deg.)

e/d

Mean

0.53

1.9

0.99

Maximum

0.63

15

1.14

Minimum

0.49

-20

0.83

normal range of these parameters as the average ± 2

Mean + 2SD

0.57

10.8

1.09

standard deviations (Table1). Based on these data of healthy

Mean - 2SD

0.48

-7

0.89

of the middle point of the nail (defined as ‘c’), and the thickness
of finger at DIP joint (defined as ‘d’) and at the middle point of
the line from tip to DIP joint (defined as ‘e’). We defined the

controls, digital shortening was defined as a/b <0.48, and
atrophy of finger pad was defined as c >10.8° and e/d
<0.89. The following analyses were conducted using these
criteria. SSc patients were classified into 3 groups as follows.
First, patients were divided into 2 groups based on the current
and past history of digital ulcers. SSc patients without the
history of digital ulcers were further divided into 2 groups
according to digital changes; patients with digital shortening
and/or atrophy of finger pad in any of the index, middle and
ring fingers and patients with intact digits.

The values of each parameter were measured on the index, middle and ring
fingers of healthy controls. SD: Standard deviation.

Increased prevalence of ILD in SSc patients with macroscopic
digital changes
We assessed the association of macroscopic digital changes
with the prevalence of ILD (Table 2). SSc patients with any of
digital ulcers, digital shortening and finger pad atrophy were
more complicated with ILD than those with intact digits (91.0%
[81/89] vs 26.0% [20/77], p <0.00001). In addition, the
prevalence of ILD was much higher in SSc patients with digital
ulcers than in those without (84.6% [22/26] vs 56.4%
[79/140], p = 0.0079). In SSc patients without digital ulcers,
the presence of digital shortening and/or finger pad atrophy
was more associated with ILD than the absence of digital
changes (93.7% [59/63] vs 26.0% [20/77], p <0.00001).
These results suggest that macroscopic finger changes are
clinical signs indicating the enhanced risk of ILD development in
SSc patients.
Table 2: The relation between macroscopic digital changes and
ILD.
Ulcer (-)

Ulcer

ILD
(+)
ILD
(-)

Shortening &

(+)

Shortening

Atrophy

Intact

22

39

12

8

20

4

4

0

0

57

atrophy

ILD, interstitial lung disease

SSc patients with macroscopic digital changes are highly
responsive to IVCY Infusions
We next assessed the association of macroscopic digital
Figure 1: The definitions of digital changes.

changes with the efficacy of IVCY for ILD in 34 SSc patients
(Table 3). For this purpose, patients treated with IVCY were

(A) Representative image of normal finger. (B) Digital shortening was defined by a/b
<0.48. (C) Atrophy of finger pad was defined by c >10.8° and e/d <0.89.

classified into two groups according to its therapeutic effect; (i)
effective, the values of the percentage of predicted vital
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capacity (%VC) or the percentage of predicted diffusion lung
capacity for carbon monoxide (%DLco) at 6 months after the
completion of IVCY infusions are increased more than 10% of
their baseline values, (ii) ineffective or exacerbated, patients
who did not meet these criteria. The presence of any of
macroscopic digital changes did not affect the response to
IVCY in total SSc patients (34.6% [9/26] for patients with
digital changes, 25% [2/8] for patients with intact digits; p =
0.69). Also, the presence of digital ulcers did not alter the
efficacy of IVCY in total SSc patients (42.9% [3/7] for patients
with digital ulcers, 29.6% [8/27] for patients without digital
ulcers; p = 0.66). In patients without digital ulcers, there was no
significant difference in the therapeutic effect of IVCY between
patients with digital shortening and/or finger pad atrophy and
those with intact digits (31.6% [6/19] vs 25% [2/8], p = 1.0).

Figure 2: The association of digital changes with
cyclophosphamide efficacy.

We further assessed the association of macroscopic digital

(A) The changes of serum SP-D levels by IVCY infusions were compared

changes with the efficacy of IVCY based on serum markers,

between SSc patients with digital changes and those with intact fingers. (B) The

such as surfactant protein D (SP-D) and KL-6. The decrease in

same analysis was conducted in SSc patients with digital shortening and/or

serum SP-D levels by IVCY infusions was significantly greater in

finger pad atrophy and those with intact fingers. Horizontal bars represent
median of each group.

patients with any of digital changes than in patients with intact
digits (Figure 2A). In SSc patients without digital ulcers, patients

DISCUSSION

with digital shortening and/or finger pad atrophy showed the

This study was undertaken to investigate the relationship

decrease in serum SP-D levels to a greater extent than those

between macroscopic digital changes and IVCY efficacy in

without these finger changes (Figure 2B). We conducted the

patients with SSc-ILD. Based on numerous clinical studies,

same analyses regarding serum KL-6 levels, but no significant

microscopic morphological features of SSc vasculopathy,

differences were detected. Given that serum levels of SP-D

namely, nailfold capillary changes evaluated by video

and KL-6 reflect alveolitis and established fibrosis respectively

capillaroscopy, are currently accepted as a gold standard

[21], these results suggest that SSc patients with macroscopic

method to assess the severity of SSc vasculopathy [22,23].

digital changes are highly responsive to IVCY infusions.

However, the availability of this device is globally still
restricted to a limited number of facilities. Therefore,
macroscopic indicators for the severity of SSc vasculopathy

Table 3: The association of macroscopic digital changes with the
efficacy of IVCY for ILD in 34 SSc patients.
Ulcer

Effective
Ineffective or
exacerbated

would be quite useful in the clinical settings. As macroscopic

Ulcer (-)

(+)

Shortening

Atrophy

3

1

3

4

11

0

Shortening

finger changes reflecting the severity of vasculopathy, we
Intact

focused on digital ulcers, finger shortening and atrophy of

2

2

finger pad according to our clinical experience. As expected,

2

6

the prevalence of ILD was significantly higher in SSc patients

& atrophy

with the current and past history of digital ulcers than in those
without. Also, among SSc patients with no history of digital
ulcers, SSc patients with digital shortening and/or finger pad
atrophy were much more complicated with ILD. These results
support the canonical idea that vasculopathy underlies the
developmental mechanism of SSc-ILD [24,25].
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The efficacy of IVCY is generally heterogenous in patients with
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