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Abstract
Purpose of Review Immunosuppressive therapy for connec-
tive tissue diseases (CTDs) is steadily becoming more intense.
The resultant impairment in cell-mediated immunity has been
accompanied by an increasing risk for opportunistic infection
(OI). Pneumocystis pneumonia (PCP) has been recognized as
an OI in patients with CTDs, but specific risk factors and
precise indications for PCP prophylaxis remain poorly de-
fined. This review was undertaken to update information on
the risk of PCP in patients with CTDs and to examine current
guidelines for PCP prophylaxis in this population.
Recent Findings Data on the occurrence of PCP and indica-
tions for prophylaxis in patients with CTDs is sparse. Large
systematic reviews did not incorporate patients with CTD sec-
ondary to the lack of randomized control trials. Upon
reviewing guidelines published since 2015, prophylaxis for
PCP is recommended only for patients with ANCA-positive
vasculitis, specifically granulomatosis with polyangiitis
(GPA), who are undergoing intense induction therapy.
Summary Evidence-based recommendations for the prophy-
laxis of PCP in patients with CTDs cannot be provided. There
is expert consensus that PCP prophylaxis is warranted in

patients with GPA undergoing induction therapy.
Prophylaxis should perhaps also be considered for other
CTD patients who are receiving similar intense immunosup-
pressive therapy especially if they are lymphopenic or have a
low CD4 count.

Keywords Pneumocystis pneumonia . Granulomatosis with
polyangiitis . Systemic lupus erythematosus . Inflammatory
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Introduction

Pneumocystis jirovecii, formally P. carinii, is an opportunistic
fungal pathogen which rarely causes symptomatic infections
in the immunocompetent population but can cause severe in-
fections, most commonly pneumonia, in immunocompro-
mised hosts [1, 2]. Although recognized as an opportunistic
pathogen in those with primary defects in cell-mediated im-
munity for decades, Pneumocystis pneumonia (PCP) came to
prominence in the 1980s with the rise of HIV, eventually be-
coming an AIDs-defining illness [3]. With the advent of anti-
retrovirals and prophylaxis with agents like trimethoprim-
sulfamethoxazole (TMP-SMX), the incidence of PCP in the
HIV-infected population has decreased significantly.
Concurrent with its decline in HIV-infected populations,
PCP has become an increasingly recognized complication in
patients whose immune system has been compromised by
immunosuppressant agents such as chemotherapy or disease-
modifying anti-rheumatic drugs (DMARDS), especially with
the development of biologic therapy [2, 4]. While there are
established guidelines for PCP prophylaxis for HIV-infected
patients as well as for other non-HIV-infected patients—in-
cluding those with hematologic malignancies and organ trans-
plants—there are no consensus guidelines for the prophylaxis
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of PCP in connective tissue diseases (CTDs) [5••, 6]. Previous
studies have reported high mortality associated with PCP in
patients with CTD prompting the question as to whether PCP
prophylaxis is needed in this specific population [7, 8].
Surveys of practicing rheumatologists have shown wide dis-
crepancy in the use of PCP prophylaxis as well as the specific
indications for initiating prophylaxis [9, 10]. In this paper, the
literature addressing PCP prophylaxis in patients with CTD
will be reviewed.

Challenges in Making Guidelines

Several challenges exist when proposing guidelines for PCP
prophylaxis in CTD. First, CTDs are relatively uncommon
and the frequency of PCP in this population is low; conse-
quently, the absolute number of cases of PCP in CTD is even
smaller [4, 7]. Second, there is wide diversity in the diseases
under the general category of CTD. A risk of PCP infection
greater than 3.5% has been proposed as a cut off for PCP
prophylaxis in any particular disease which balances the num-
ber needed to treat against the number needed to harm [5••].
Another Cochrane review has a suggested higher risk cut off
(6%) but excluded studies involving CTDs [1]. While there
are a large number of studies that support this level of risk in
patients with solid organ transplants, allogeneic bone marrow
transplants, and other select groups, there are only retrospec-
tive and prospective cohort studies that address the issue of
PCP infection and PCP prophylaxis in CTD. When taken as a
whole, the risk of PCP in CTD fails to meet this benchmark
number; however, the frequency of PCP varies greatly from
disease to disease. Ward et al. determined a frequency of PCP
infections for granulomatosis with polyangiitis (GPA) to be 89
cases per 10,000 hospitalizations/year versus 2 per 10,000 in
rheumatoid arthritis (RA) [7]. Green et al. determined that
there was sufficient evidence to support a PCP risk of >3.5%
in GPA but not in systemic lupus erythematosus (SLE), in-
flammatory myositis, or RA. The number needed to treat
(NNT) for GPA was 32 which is the same as the number
needed to harm (NNH); in comparison, the NNT for SLE
was 110 and, for RA, 1099 [5••]. Thus, a recommendation
for prophylaxis for the various CTDs likely needs to be tai-
lored to specific diseases rather than advocating a broad “one
size fits all” guideline given the wide variability of the occur-
rence of PCP in each given population.

Risk Factors for Infection

Determining specific risk factors for the development of PCP in
patientswithCTDwould facilitate thedevelopmentofprophylax-
is guidelines.Risk factors are difficult to evaluate in such ahetero-
geneouspopulationasboththeimmunosuppressivetherapiesused

in treatment of these diseases and the pathophysiology of the dis-
ease (including the underlying aberrant immunity) contribute to
the increased risk of infection [11, 12••, 13]. Several established,
probable, and possible risk factors are noted in Table 1.

A well-established risk factor for PCP in the HIV popula-
tion is a CD4+ count less than 200 cells/mm3 [4]. There is
little data to suggest such a defined level in CTDs. In part,
many studies do not address this particular issue because they
are retrospective in nature and this particular data point is not
available. In a study examining non-HIV-infected patients at
high risk for PCP, a subsequent subgroup analysis of CD4+
counts showed counts of <250 cells/mm3 captured all patients
with underlying autoimmune disease who developed PCP [2,
16]. Of those patients, 6 of the 8 had a CD4+ count less than
200 cells/mm3. In a retrospective review of PCP in CTD by Li
et al., all patients who developed PCP had a CD4 count of less
than 250/μL (87 ± 78/μL) [8]. In both of these reviews, there
was no comparison of CD4+ count in other patients with
CTD. While low CD4+ counts are associated with increased
risk of PCP, further studies need to be done to evaluate this
level as marker for initiation of PCP prophylaxis in patients
with CTD.

Several studies describe decreased peripheral absolute lym-
phocyte counts in CTD patients who acquire PCP [7, 8, 13,
14, 17–23]. Even when controlling for the specific CTD, lym-
phopenia persists as a risk factor [15•]. However, the exact cut
off value for when prophylaxis should be initiated is up for
debate. Godeau and colleagues found in a retrospective eval-
uation of 44 patients with GPA (12 with PCP, 32 without PCP)
who were treated with glucocorticoids (GCs) and cyclophos-
phamide that not only did the lymphocyte count during treat-
ment confer risk but also the presence of pre-treatment lym-
phopenia [24]. A pre-treatment count of less than 800 cells/
mm3 and a 3-month treatment level of less than 600 cells/mm3

were associated with increased risk of developing PCP. In a
heterogeneous group of CTD patients, a lymphocyte count of
<500/μl at 2 weeks after the initiation of GC therapy (>30mg/
day) was found to be an independent risk factor for develop-
ment of PCP [22]. Porges et al. found that a lymphocyte count
of <350 cells/mm3 would capture those most at risk for PCP in
patients with SLE on GC and cytotoxic therapy [25]. While
lymphopenia is often seen in those patients who develop PCP,
there is no consensus lymphocyte count to determine when
prophylaxis would be appropriate.

The immunosuppressive regimens used in the treatment of
CTD have been implicated as a risk factor for the development
of all infections including opportunistic infections like PCP
[12••]. Glucocorticoids (GCs) are the most often implicated
agent but there is conflicting data on whether it is mean daily
dose, cumulative dose, and/or pulse dosing that gives rise to
the risk [12••, 13, 26]. The daily dose that confers risk has
been noted to be between >15 mg/day of prednisone equiva-
lent and >40 mg/day of prednisone equivalent depending on
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the case series [2, 22, 27, 28]. In an analysis from the Mayo
Clinic, a dose of 30 mg daily of prednisone equivalent was
identified as a key risk factor but up to 25% of their population
with PCP were on lower doses (16 mg daily of prednisone
equivalent) [29]. Even though GC use seems to increase the
risk of PCP, there are populations, such as patients with giant
cell arteritis, which require long-term use of high-dose GC
monotherapy yet the rate of PCP remains very low [30].
Thus, while GC may increase the risk in certain populations,
glucocorticoid use alone likely does not fully explain the risk
of PCP as underlying disease and concomitant therapies likely
influence risk.

The use of non-glucocorticoid immunosuppressive agents
during the first 2 weeks after GCs were started was found to be
an independent risk factor for the development of PCP in one
retrospective study; interestingly, there were no significant
differences between the individual therapies which included
cyclophosphamide, methotrexate, and azathioprine [22].
Despite this data, in a survey of practicing rheumatologists,
68.8% of those who prescribe PCP prophylaxis indicated that
the therapeutic regimen was the most important determining
factor to initiate prophylaxis [9].

Cyclophosphamide has been broadly implicated in the de-
velopment of infection [2], and higher rates of PCP were
found in larger cumulative dosing of cyclophosphamide
(manifested by oral therapy over pulse IV dosing) [31].
Another study examining patients with GPA found higher
cumulative doses of cyclophosphamide in those that devel-
oped PCP than in those that did not; yet, it was not found to
be an independent risk factor [24]. Another study found no
cases of PCP in patients administered cyclophosphamide
alone [21]. Thus, it is difficult to determine if the risk with
cyclophosphamide is independent of the other immunosup-
pressant agents being used concurrently (namely glucocorti-
coids). Demoruelle et al. concluded that the apparent lack (or

very low rate) of PCP in CTD patients on cytotoxic agents in
the absence of GC casts doubt on cyclophosphamide as a
definitive risk factor for the development of PCP [32]. Other
agents like methotrexate, azathioprine, mycophenolate mofe-
til, rituximab, and anti-tumor necrosis factor inhibitors (anti-
TNFs) have all been observed in patients who develop PCP,
but causality has not been established [15•, 23, 25, 26, 33, 34].
Additionally, some patients develop PCP at the onset of diag-
nosis of the CTD prior to any GC or immunosuppressive
therapy which argues that the risk of PCP is not only driven
by drug-mediated immunosuppression but, perhaps also, by
the disease itself [13, 20]. While there is little doubt that im-
munosuppressive therapy increases the risk of infection, there
is no sufficient evidence to give prophylaxis for specific med-
ication use in isolation.

In concept, lymphopenia, low CD4+ count, and immuno-
suppression are contributors to the development of infectious
complications including PCP. Yet, interpretation of these fac-
tors has led to a wide array of recommendations. Sowden et al.
proposed checking CD4+ counts after 1 month of immuno-
suppression for patients who meet the following criteria: (1)
steroid dose >15 mg prednisolone (or equivalent) per day, (2)
>3 months of treatment, and (3) total lymphocyte count
<600 cells/mm3 [2]. If the CD4+ count is <200, they recom-
mend prophylaxis if annual risk of PCP exceeds 9%. Zhang
and colleagues routinely prescribe PCP prophylaxis for all
patients taking immunosuppressive agents or those with a his-
tory of PCP [23]. Others recommend considering prophylaxis
if patients are on high dose GC with the dose ranging from
>10 to >30 mg of prednisone equivalent daily [22, 26, 29].
Demoruelle et al. proposed PCP prophylaxis in patients with
CTD and 2 or more of the following: (1) steroids ≥20 mg/day
for >4 weeks, (2) current use of ≥2 DMARDs, (3) absolute
lymphocyte count ≤350 cells/mm3, or (4) underlying lung
parenchymal disease [32]. There is little consensus on when
to initiate prophylaxis in patients with CTDs.

Mortality

Mortality associated with PCP in patients with CTD is consis-
tently reported as high, especially in comparison to HIV-
infected patients [29]. The reported mortality ranges from 9
to 85%which varies by disease and patient population [8, 21].
However, it is difficult to determine the causality of increased
mortality (i.e., attributable mortality) for many of the same
reasons that it is difficult to determine risk factors—namely,
the underlying pathophysiology of the disease itself as well as
the immunosuppressive agents being used to treat the disease
[23]. Further complicating interpretation of the reported mor-
tality rates is the high rate of co-infection with other opportu-
nistic pathogens including CMV, Aspergillus and Candida
species [29]. In a frequently cited article reporting a mortality

Table 1 Risk factors for the development of PCP in patients with CTD

Established Suspecteda Possible

Low CD4+ count Glucocorticoids Younger ageb

Lymphopenia Cyclophosphamide Maleb

Rituximab Hispanic decentb

Methotrexate Asian decentb

Anti-TNF inhibitors Private medical insuranceb

Azathioprine Interstitial pulmonary fibrosisc

Caucasian decentd

Australian autumnal seasond

a This category is likely dependent on both dose and concurrent immu-
nosuppressive therapies
b [7]
c [14]
d [15•]
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rate of 32% in CTD patients with PCP, only 3 of the 11 deaths
were solely attributable to PCP with other opportunistic infec-
tions accounting for 4 deaths, gram-negative rod bacterial in-
fections for 3 deaths, and a non-infectious process for the
remaining death [20].

Li et al. showed a very high mortality for PCP-infected
CTD patients with only 1 survivor among the 7 patients in-
cluded in this series, all of whom had a CD4+ count less than
250 cells/mm3; however, rates of co-infection were also high
in that cohort [8]. Co-infection may suggest a more severe
underlying disease and/or the use of more aggressive thera-
peutic immunosuppression [35]. Other factors associated with
increased mortality in other reviews have included the follow-
ing: decreased FIO2 at diagnosis, the need for mechanical
ventilation, decreased albumin [17], older age, male sex, and
private insurance [7]. Interestingly, in one study, there was a
trend towards higher lymphocyte counts and CD4+ counts in
survivors versus non-survivors but that observation was not
statistically significant [17]. As such, no definitive risk factors
for mortality due to PCP in patients with CTD have been
established. Poorer outcomes in CTD populations as com-
pared to HIV patients may relate to the presence of more
chronic co-morbid diseases and the more frequent occurrence
of co-infections with other opportunistic pathogens, both of
which may contribute to increased mortality.

Agents for Prophylaxis

Trimethoprim-Sulfamethoxazole

Benefit

Prophylaxis in the HIV population with TMP-SMX has con-
sistently shown reduction in PCP infection rate [36]. In non-
HIV-infected patients (either post-transplantation or with a
hematologic malignancy), a meta-analysis found a 91% re-
duction in occurrence of PCP with a combined NNT of 15
as well as a reduction in PCP-related mortality [5••]. An up-
dated review found 85% reduction in PCP infections with
TMP-SMX prophylaxis [1]. There was no difference in
NNT or NNH for daily versus three times weekly dosing nor
was there a difference in reduction of the incidence of PCP or
all-cause mortality [1].

There have been no randomized controlled trials to evaluate
primaryprophylaxis forPCPinpatientswithCTD.Aretrospec-
tive cohort analysis of patientswith SLE,Behcet’s disease, der-
matomyositis, and vasculitis found a substantial but not statis-
tically significant reduction in the frequency of PCP in patients
given TMP-SMX prophylaxis with a NNT of 14 [36]. Risk
reduction has been confirmed in other retrospective studies as
well [22, 27]. In RCTs evaluating the treatment of ANCA-
associated vasculitis whichmandated or had high rates of PCP

prophylaxis, PCP rates were low, potentially signaling benefit
despite the use of cytotoxic or anti-CD20 therapy [37, 38]. In a
retrospective review of patients who developed PCP and sur-
vived, there was no recurrence of PCP in patients on secondary
prophylaxis versus those not given TMP-SMXprophylaxis af-
ter an initial episode of PCP [20].

Side Effects

In both HIV-infected and non-HIV-infected populations, TMP-
SMX prophylaxis may be associated with a wide range of side
effects, some of which may be serious or even life-threatening
[2].Potential sideeffectsofTMP-SMX(Table2) includenausea;
diarrhea; hypersensitivity reactions (rash, fever); elevated creat-
inine; transaminitis; leucopenia; and rarely, severe immune-
mediatedreactionssuchasStevens-Johnsonsyndromeoraseptic
meningitis [40]. Green and colleagues found that in non-HIV-
infected, non-CTDpatients, the adverse event ratewas 15.2% in
adults,with 3.1%of those considered severe, but allwere revers-
ible with cessation of therapy [5••]. A study looking at CTD
patients taking TMP-SMX at prophylactic doses showed an ad-
verse event rate of 8.5% including hypersensitivity, rash, and
hepatitis [36]. In two trials looking at the use of co-trimoxazole
as a treatment for GPA, 20% of patients in each trial had to stop
therapy secondary to side effects, most of which were classified
as minor with the exception of one renal complication which
resolved with cessation of therapy [41, 42]. Two other studies
reported similar adverse event rates and resolution of side effects
withcessationoftherapy[27,43].SLEcomprisesauniquesubset
of CTD patients as sulfonamide drugs may have higher rates of
adverse reactions in this population and potentially may precip-
itate flaresof theunderlyingdisease.This riskwillbediscussed in
more detail in the SLE section below.

Methotrexate is a commonlyusedmedication in the treatment
of CTD. Unfortunately, the combination of TMP-SMX and
methotrexate can cause profound cytopenias and bone marrow
suppression even with low doses of methotrexate and short du-
ration (2 days) of treatmentwith TMP-SMX [44]. The increased
toxicity is likely secondary to the fact that both medications in-
hibit dihydrofolate reductase. Interestingly, this adverse interac-
tion has not been reported when TMP-SMX is used at prophy-
lactic doses [32]. Regardless, it is a consideration when starting
prophylactic therapywith TMP-SMX in patients with CTD.

Alternatives to Trimethoprim-Sulfamethoxazole

If patients have a pre-existing allergy to sulfa drugs or if there
is intolerance to TMP-SMX, other options for PCP prophy-
laxis include dapsone, atovaquone, or inhaled pentamidine
[11]. These alternative regimens can be expensive and also
have serious side effects as reviewed in Table 2.
Additionally, these medications have not been well studied
in CTD patients [36].
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Specific Rheumatic Diseases and the Role for PCP
Prophylaxis

Granulomatosis with Polyangiitis

Amongall the rheumaticdiseases,GPAhas themost robustdata
to support use of PCP prophylaxis. Older retrospective studies
have shown the frequency of PCP inGPA tobe between 60 and
120 cases/10,000 patients/year with 11 of 180 patients in one
series and 12 of 44 in the other developing PCP [21, 24]. In a
meta-analysis of 529 patients with GPA, 12% developed PCP
with an accompanying47%mortality rate [12••].While PCP in
GPA is more frequent than in the other CTDs reviewed, the
absolute frequency of PCP still remains low [7, 45].

No RCTs specifically evaluating PCP prophylaxis in GPA
have been done, but trials done for the treatment of the vascu-
litis itself may provide some insight into the benefits, or lack
thereof, of PCP prophylaxis. In an RCT from France evaluat-
ing efficacy of oral cyclophosphamide versus IV pulse cyclo-
phosphamide in GPA, PCP was documented in 10 of the 50
patients included in the study [31]. The rate of PCP pneumonia
was so high in the initial 12 months of the study that TMP-
SMX prophylaxis was added to the treatment protocol for the
duration of the study. Larger trials looking at rituximab in the
treatment of GPA either included mandatory, or had high rates
of, PCP prophylaxis in the protocol. The RITUXVAS trial had
no cases of PCP pneumonia with 30 of the total 44 patients
receiving prophylaxis while being treated with immunosup-
pressive therapy [46]. The RAVE trial had mandatory PCP
prophylaxis (TMP-SMX single strength daily) and, although
the exact infections acquired during the study are not pub-
lished, the overall infection rate was low [47]. The extension
of the RAVE trial had the samemandatory TMP-SMX prophy-
laxis and reported only one case of PCP (who was noted to be
non-compliant with PCP prophylaxis) out of the 197 patients
enrolled [37]. A French-based RCT comparing azathioprine to

rituximab for maintenance therapy of GPA restricted PCP pro-
phylaxis to patients with CD4+ counts less than 250/mm3 and
had only 1 case of PCP out of 115 patients [38]. A large review
examining infectious complications occurring during the treat-
ment of ANCA-associated vasculitis from multiple trials (in-
cluding those mentioned above) found that PCP was an infre-
quent but significant complication of treatment of GPA and
recommended TMP-SMX prophylaxis during induction ther-
apy until the GC dose was less than 10 mg daily or if the
lymphocyte count declined below 300/mm3 [45]. European
League Against Rheumatism (EULAR) has also encouraged
the use of PCP prophylaxis with TMP-SMX in GPA patients
being treated with cyclophosphamide [48•].

Trimethoprim-sulfamethoxazole has been shown to de-
crease relapse rates in GPA although it is not clear if the ben-
efit is from suppression of infectious triggers of relapse and/or
immunosuppression from the folic acid inhibition property of
TMP-SMX [41, 42]. Not surprisingly, the rate of PCP is low
when TMP-SMX is given in the treatment of GPA. A South
American retrospective study with 134 patients with GPA did
not have any cases of PCP pneumonia during the 3 years of
the study with 61% of the patients on TMP-SMX as adjunc-
tive GPA treatment [49].

A cost analysis of TMP-SMX prophylaxis in patients with
GPA demonstrated an improvement in quality-adjusted life
years and cost savings of over $1000 [50]. However, if the
patient developed an adverse event to TMP-SMX and
transitioned to inhaled monthly pentamidine, there was mini-
mal improvement in quality-adjusted life years and cost rose
significantly. From a cost-effective standpoint, prophylaxis
with TMP-SMX was beneficial as long as the incidence of
PCP was greater than 0.2%. As discussed earlier, an occur-
rence rate of ≥3.5% justified prophylaxis with TMP-SMX in
regard to benefit versus harm. The NNT to prevent one PCP
infection in a patient with GPA was 32 and was equal to the
number needed to harm [5••].

Table 2 Regimens for prophylaxis of PCP

Dose Selected side effects/cautions Cost per month
(28 days)a

First line

Trimethoprim-sulfamethoxazole (oral) 1 single-strength (SS) daily Nausea, GI discomfort, hypersensitivity reactions
(rashes, fever), elevated creatinine,
hyperkalemia, Stevens-Johnson syndrome (rare)

$18.60

1 double-strength (DS) daily $30.53

1 DS three times weekly $13.08

Second line

Dapsone (oral) 100 mg daily Check for G6PD deficiency prior to starting therapy.
Anemia, hemolysis, methemoglobinemia

$84.65

Atovaquone (oral) 1500 mg daily Give with food. Nausea, diarrhea, rash, hepatitis (rarely) $1060.92

Pentamidine (aerosolized) 300 mg every 4 weeks Cough, dyspnea, bronchospasm, wheezing, pancreatitis,
fever, dysglycemia, pneumothorax

$200.70

a Calculated based on US price noted in UpToDate. Dosages, side effects, and cost [39]
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When to stop prophylaxis is as equally debated as when to
start. Some authors recommend prophylaxis through the du-
ration of immunosuppressive treatment [51], while others ad-
vocate prophylaxis until the daily prednisone dose is 20 mg
[52] or even 10 mg [48•]. Some advocate for prophylaxis
through the duration of B-cell depletion if anti-CD20 therapy
is being used [51]. Unfortunately, there is no consensus or data
to help guide therapy.

Prophylaxis during induction therapy for GPA has strong
support and is recommended by societies such as EULAR.
There is noted cost effectiveness and, in this specific popula-
tion, benefit likely outweighs harm. Additionally, there is po-
tential benefit for treatment with TMP-SMX for decreased
relapse rates but this has not been examined at prophylactic
doses. Thus, we would recommend prophylaxis for PCP with
TMP-SMX in patients with GPA during induction therapy
with cyclophosphamide and/or rituximab for the duration of
induction therapy. At that point, risk should be assessed on a
case by case basis taking into consideration GC dose, immu-
nosuppressive medication, and presence of leukopenia or low
CD4+ count.

Systemic Lupus Erythematosus

Many SLE patients require high-dose GC and/or cytotoxic
medications in the treatment of their disease leading to con-
cern for increased susceptibility to infection and specifically,
for PCP [10, 14, 36]. This concern is displayed in a recent
survey of practicing rheumatologists where 50% reported
using PCP prophylaxis in SLE patients on cyclophosphamide
therapy (either oral of IV) [10]. The data for the risk of PCP is
less convincing for routine prophylaxis. In a meta-analysis of
2120 patients with SLE, approximately 5% developed PCP
but the mortality was high at 46% [12••]. In a larger review of
76,156 SLE patients on cyclophosphamide, only 121 cases of
PCPwere documented giving a frequency of 15.88 per 10,000
patients [10]. Other studies have found similar rates of PCP in
the SLE population [7, 8], thus supporting the general impres-
sion that the rate of PCP remains low, even with cytotoxic
therapy. As with GPA, SLE patients who develop PCP are
frequently found to be lymphopenic at the diagnosis of PCP
but again, the exact number and exact risk is not clear [10, 14,
25]. With a low event rate, the NNT to prevent one case of
PCP in patients with SLE is 110 [5••].

Further complicating the issue of prophylaxis in patients
with SLE is the increased rate of adverse events from sulfon-
amide antibiotics as alluded to earlier in this article. Petri and
colleagues found an increase in overall drug reactions to sul-
fonamide medications in SLE populations with flare of the
underlying SLE in 21% of those experiencing a reaction
[53]. Pope et al. found an increased rate of adverse events
(52%) in SLE patients exposed to sulfa antibiotics as com-
pared to patients with inflammatory arthritis [54]. The most

common adverse event was rash. A retrospective analysis of
CTD patients receiving PCP prophylaxis with TMP-SMX
found an adverse event rate of 7.05% which was higher than
a pulmonary disease cohort (2.67%) which among others in-
cluded asthma, interstitial lung disease, hypersensitivity pneu-
monitis, and neoplasms [55]. The event rate was even higher
in the SLE subset (11.0%). Interestingly, anti-RNP positivity
conferred an independent increased risk of adverse events.
Vananuvat et al. found that all of their adverse events from
TMP-SMX were in SLE patients but that SLE flares were not
significantly different between those exposed to TMP-SMX
and those not exposed [36]. The overall adverse event rate in
the TMP-SMX group was 9.4% including drug hypersensitiv-
ity and reversible hepatitis. The lower adverse event rate in
this last studymay be secondary to prophylactic dosing (single
strength daily) versus the higher doses used to treat acute
infection. Another study looking at single strength daily dos-
ing saw no adverse events or worsening of the underlying SLE
in the 15 patients with SLE in their cohort [27].

With an overall low incidence of PCP in SLE patients,
there is not sufficient evidence to support universal use of
prophylaxis with TMP-SMX even despite the use of cytotoxic
therapy especially given the concern for increased adverse
event rates.

Inflammatory Myopathy

In inflammatory myopathies, which include dermatomyositis
(DM) and polymyositis (PM), PCP is less common than with
GPA but more common than in SLE. Ward et al. noted the
frequency to be 27 per 10,000 hospitalizations [7] while
Godeau et al. estimated the frequencies to be 20/10,000
patient-years [24].

The largest review that addresses PCP risk in patients with
inflammatory myopathies is from Marie and colleagues; in
their series of 279 patients with DM or PM, 3 patients devel-
oped PCP [34]. Only one case was fatal and occurred at onset
of disease prior to any immunosuppressive or corticosteroid
therapy. Severe infections (all cause) were found in 37.3% of
the cohort with the percentage of pyogenic infections (68.3%)
substantially higher than opportunistic infections (35.7%).
Risk factors for development of any infection includedmuscle
weakness, dysphonia, esophageal dysfunction, respiratory in-
sufficiency, and median daily GC dose (56.4 vs 27.3 mg of
prednisone equivalent). Additionally, the use of immunosup-
pressive therapy increased the risk. Infections were more like-
ly in patients with lymphopenia. The presence of ANA, anti-
Jo-1, and cumulative dose of GC did not confer an increased
risk of infection. The absolute risk for PCP was small in this
cohort with non-PCP infections being significantly more com-
mon. A meta-analysis, including the reports noted above,
found that 6% (40/688) of patients with DM/PM developed
PCP [12••]. Green and colleagues calculated the NNT to
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prevent one PCP infection in DM/PM to be 73 which is well
above their calculated NNH of 32 [5••].

Mortality due to PCP is similarly high in this patient pop-
ulation with some case series reporting case fatality rates as
high as 100% but more commonly ranging from 33 to 56% [8,
12••, 13, 17, 18]. Much like all CTDs, the risk factors for
mortality have not been established. Despite the seemingly
high mortality, PCP prophylaxis is difficult to broadly recom-
mend given the rarity of PCP in this patient population.
However, consideration for prophylaxis on a case by case
basis in patients with DM/PM undergoing treatment with
high-dose corticosteroids and/or immunosuppressive thera-
pies in the setting of baseline lymphopenia may be reasonable.

Rheumatoid Arthritis

Unlike the other diseases discussed in this paper, PCP is ex-
tremely rare in RA. In a large meta-analysis of several RA
trials, there were only 8 total cases out of more than 30,000
patients [33]. There was no statistical difference in PCP rates
between those on biologic DMARDs (6/21,916) and those on
non-biologic DMARDs (2/10,588). In a retrospective cohort
study of American RA patients, Baddley and colleagues also
found similar rates of PCP in patients on anti-TNF agents and
patients on non-biologic DMARDs [56]. The rates were 0.056/
10,000 person-years for those on anti-TNFs compared to
0.051/10,000 person-years for those on non-biologic
DMARDs. Although PCPwas the most common opportunistic
infection in this cohort, the overall frequency of

pneumocystosis was low. This low frequency has been con-
firmed in several studies [7, 12••, 57•]. The one exception to
this finding is from the Japanese literature where a higher rate
of PCP in RA patients has been reported with rates as high as 8
cases/10,000 person-years [57•]. The rates in the American or
European cohorts mostly remain less than 0.1 cases/10,000
person-years. Similar to outcomes in other CTDs, mortality is
high in RA patients infected with PCP [12••, 18, 23]. Green and
colleagues calculated the NNT to prevent one PCP infection in
patients with rheumatoid arthritis to be 1099 which is over 30-
fold the NNH [5••]. Thus, despite the high mortality with PCP
in RA patients, the low incidence makes it impossible to rec-
ommend routine prophylaxis in this group of CTD patients.

Other Connective Tissue Diseases

There is even less data on the role of PCP prophylaxis for other
CTDs such as scleroderma, polyarteritis nodosa (PAN), andmi-
croscopic polyangiitis (MPA). PCP in patientswith scleroderma
hasbeen reported in the literature and inone serieswas estimated
at8cases/10,000hospitalizations/year [7].Anothercaseseriesof
117patients reportednocasesofPCPduring the310person-year
observation period [58]. Large RCTs for scleroderma (i.e.,
Scleroderma Lung Study) have not reported on the incidence of
PCPspecifically [59].Therearenot enoughcases in the literature
(owing in part to the rarity of the disease) to determine specific
risk factors [7, 17].

Examining the data for other vasculitic processes, Ward
and Donald estimated the frequency of PCP in PAN to be 65

Table 3 Authors’
recommendations for PCP
prophylaxis in CTD

Disease Prophylaxis? To whom? Conditional factorsb NNT [5••]

GPA Yes All patients undergoing
induction therapy

32

SLE Conditionala High dose GC Lymphopenia

Low CD4+ count

Immunosuppressive
regimen

110

PM/DM Conditionala High-dose GC Lymphopenia

Low CD4+ count

More severe disease

73

PAN, AAV Conditionala During induction therapy and/or
high dose GC

Lymphopenia

Low CD4+ count

110

RA No – – 1099

GCA No – – –

Scleroderma No – – 110

GPA granulomatosis with polyangiitis, SLE systemic lupus erythematosus, DM dermatomyositis, PM polymyo-
sitis, PAN polyarteritis nodosa, AAVANCA-associated vasculitis, RA rheumatoid arthritis,GCA giant cell arteritis
a Conditional recommendation means there is not enough evidence to support wide spread use but consider on a
case-by-case basis taking into account the above specific factors
b Specific numerical values for these items are not evidence-based. Given the lower risk of PCP in these popu-
lations, lower values would be less likely capture patients who do not need prophylaxis (minimizing harm). Could
consider <500 cells/mm3 for lymphopenia and <200 cells/mm3 for CD4+ count. Lower threshold levels of
lymphopenia in SLE may be indicated given common disease-related lymphopenia (<350 cells/mm3 [25])
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cases/10,000 hospitalizations/year [7], but these numbers have
not been seen in other large series [20]. Among ANCA-
positive vasculitis, there are several case reports of PCP in
patients with MPA [8, 23] but most of the literature focuses
only on GPA. Given the similar pathophysiology (though not
identical) and treatment regimens, it would be reasonable to
consider PCP prophylaxis in MPA in the same instances that
one would for GPA; however, this would not be as evidence
driven. EULAR guidelines are for ANCA-positive vasculitis
rather than GPA specifically. As discussed earlier, rate of PCP
in GCA is low and prophylaxis is not warranted [30]. No
reports of PCP in Takayasu arteritis were found. Ultimately,
there is not enough evidence to recommend empiric PCP pro-
phylaxis in these and the other CTDs.

Conclusions

Pneumocystis pneumonia in patients with CTD is a serious
complication with significant associatedmortality. Most of the
available literature on this infectious complication in CTD
patients is in the form of case reports and is retrospective in
nature—making it difficult to draw definitive conclusions
about risk and the role for prophylaxis. In the absence of
unequivocal risk data that implicate specific co-morbidities
or individual immunosuppressive therapies as highly predic-
tive of subsequent infection and in the absence of precise
laboratory markers that can be incorporated into prediction
rules to define infection risk, encompassing evidence-based
guidelines for PCP prophylaxis cannot be proposed.
Conceptually, RCTs to evaluate PCP prophylaxis in this pop-
ulation and inform decision-making are desperately needed.
Unfortunately, no such trials presently exist and there likely
will not be any future such trials for many of the reasons
discussed above in this paper. The diversity of the diseases
under the umbrella term “connective tissue disease” and the
wide variation in frequency of PCP in those groups would
make combined studies unhelpful. Yet, studies targeting only
one CTD would likely not provide useful data given the rela-
tive rarity of the individual CTDs and the relative infrequency
of the target event (i.e., PCP). As a consequence, any such
studies would almost certainly be grossly under-powered and
thus not clinically relevant.

The lack of evidence-based data and resultant lack of con-
sensus guidelinesmakes it difficult to implement PCP prophy-
laxis effectively into current practice. Nevertheless, “com-
mon-sense” recommendations based on available data, imper-
fect though they are, can be cautiously proposed (Table 3).
Clearly, these recommendations are open to discussion and
further revision as new data come forth. In our world of
ever-expanding evidence, the art of medicine is still some-
times all we have to rely upon until the evidence becomes
available and/or matures.
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