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Nodular regenerative hyperplasia (NRH) is associated with high morbidity and mortality in patients with common variable immunodeficiency (CVID). While liver biopsy is the gold standard for NRH diagnosis, a non-invasive technique could facilitate early disease recognition, monitoring, and/or immune intervention. We performed a cross-sectional analysis of ultrasound-based transient elastography (TE) in patients with CVID to evaluate liver stiffness and compared this between patients with (N = 12) and without (N = 6) biopsy-proven NRH. Additionally, these data were compared to a cohort followed at our institution for non-alcoholic fatty liver disease (NAFLD) (N = 527), a disease for which TE has routine diagnostic use. Clinical and pathologic features of NRH were evaluated as correlates of liver stiffness, and receiver operating characteristic curves were used to define a liver stiffness cutoff with diagnostic utility for NRH among CVID patients. CVID patients with NRH had a more severe disease presentation compared to those without. This included increased autoinflammatory disease comorbidities, combined B-cell and T-cell dysfunction, and abnormal liver biochemistries (specifically an increased mean alkaline phosphatase level [proximal to TE, 250 vs. 100 U/L; p = 0.03; peak, 314 vs. 114 U/L; p = 0.02). Results of TE demonstrated a significantly elevated liver stiffness in CVID patients with NRH (mean 13.2 ± 6.2 kPa) as compared to both CVID patients without NRH (mean 4.6 ± 0.9 kPa) and non-CVID patients with NAFLD (mean 6.9 ± 5.5 kPa) (p < 0.01). No single or composite histopathologic feature of NRH correlated with liver stiffness including nodule size, nodule density, sinusoidal dilation, fibrosis, and/or lymphocytosis. In contrast, liver stiffness by TE was significantly correlated with clinical parameters of portal hypertension, including an elevated hepatic venous pressure gradient, an increased splenic longitudinal diameter, presence of varices, and presence of peripheral edema. A liver stiffness of greater than or equal to 6.2 kPa was a clinically significant cutoff for NRH in CVID patients. We propose that TE has diagnostic utility in CVID, particularly in the presence of immunophenotypic features such as combined B-cell and T-cell dysfunction, autoinflammatory comorbidities, and/or abnormal liver tests. Elevated liver stiffness by TE should raise suspicion for NRH in patients with CVID and prompt expedited evaluation by hepatology.
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Introduction

Common variable immunodeficiency (CVID) is the most frequent symptomatic antibody deficiency in adults (1). It comprises a heterogeneous group of disorders with increased infectious risk resulting from impaired and dysregulated immunity. Diagnosis requires low immunoglobulin (Ig) G combined with low IgA or IgM, impaired vaccine response, and the exclusion of secondary causes. While patients typically present with recurrent infections, more than 30% additionally demonstrate non-infectious manifestations (2). Liver disease is a frequent and underrecognized complication in patients with CVID and can be a consequence of recurrent infectious insults, malignancy, and/or immune dysregulation impacting the liver. The most prevalent liver pathology in patients with CVID is nodular regenerative hyperplasia (NRH), which affects 41%–87% of patients with CVID who undergo liver biopsy (3–6). NRH is believed to be mediated through T-cell infiltration of the sinusoidal endothelium, causing intra-hepatic vasculopathy. This process leads to hepatocyte damage, regeneration, and the characteristic nodular appearance of the liver parenchyma (4). Clinically, it manifests with a frequently asymptomatic rise in alkaline phosphatase (ALP), with or without changes in aspartate transaminase (AST) or alanine transaminase (ALT). These changes may be present for years, followed by jaundice, portal hypertension, and varices via nodular compression of sinusoids, portal, and central vasculature (7, 8). Given the association of NRH with portal hypertension, it follows that CVID patients with NRH also demonstrate increased morbidity and mortality as compared to the general CVID population (2, 9, 10). Currently, there are no Food and Drug Administration (FDA)-approved treatment modalities for NRH in CVID patients, although biologics are being tried for the treatment of various autoinflammatory end-organ complications in primary immunodeficiencies, making early diagnosis and potential early intervention the goal in CVID patient management (10–13).

The gold standard for diagnosis of NRH is a liver biopsy. In patients with CVID, NRH is characterized histologically by a nodular pattern of alternating areas of hepatic plate expansion and atrophy. NRH-like changes are often accompanied by other histologic features of CVID such as a sinusoidal lymphocytic infiltrate, mild portal and lobular inflammation, and variably prominent sinusoidal fibrosis (6). NRH-like changes may be present on liver biopsy even when clinical manifestations are subtle (such as mildly elevated liver enzymes), making improved diagnostic modalities essential. Furthermore, delays in liver biopsy procedures are common in patients with CVID due to 1) the aforementioned subtle presentation of NRH and 2) avoidance of high-risk procedures in immunodeficient patients (7). Therefore, patients frequently present with advanced disease with 19%–50% demonstrating manifestations of portal hypertension, such as gastroesophageal varices or cirrhosis, at the time of diagnosis (5, 8, 10).

Imaging modalities investigated to date for the diagnosis of NRH among CVID patients include CT, MRI, and ultrasound (US) (14, 15). Specific advantages of US imaging include being fast, low-cost, non-invasive, and in line with the goal to reduce repeat exposure to radiation in CVID patients, who are already at higher risk for both hematologic and solid-organ malignancies as compared to the general population (16). Traditionally, US with Doppler has been employed in patients with liver disease; however, non-specific findings limit its utility, and the detection of portal hypertension and splenomegaly is a late-stage finding. Vibration-controlled transient elastography (TE) or FibroScan® uses transducer-induced vibrations to create shear waves that move throughout the liver parenchyma. Calculations of the speed of these shear waves can estimate the degree of liver stiffness (17). This approach has been well validated in chronic viral hepatitis to detect cirrhosis and stratify risk for portal hypertension and varices (18, 19). Additional data have demonstrated significant clinical utility in the diagnosis of non-alcoholic fatty liver disease (NAFLD) (20, 21). TE has been studied, generally, in NRH with variable results (14). More recently, this modality has demonstrated promise in the non-invasive detection of liver disease in patients with CVID, particularly those with lymphoproliferative and enteropathy phenotypes (22).

Given the prevalence of NRH in CVID patients with liver disease, we hypothesized that TE may be a non-invasive imaging tool that has diagnostic utility. In this study, we performed TE among CVID patients and analyzed liver stiffness by kPa, comparing groups with and without biopsy-proven NRH. In addition, we analyzed pathologic and clinical features, such as the severity of portal hypertension, which correlated with the degree of liver stiffness by TE among CVID patients. Finally, we created and analyzed receiver operating characteristic (ROC) curves to define a liver stiffness cutoff by TE with diagnostic utility for NRH among CVID patients.



Methods


Participants

This study was performed at Mass General Brigham under an Institutional Review Board-approved protocol (#2011P000940).

Participants were recruited from Massachusetts General Hospital Immunology and Gastroenterology clinics from January 1, 2018, to March 14, 2022. CVID was diagnosed using International Consensus Document (ICON) criteria (1). NAFLD was diagnosed using the American Association for the Study of Liver Diseases (AASLD) guidelines (23). In a CVID cohort followed up longitudinally at our single-center institution, a consecutive sample of CVID patients with abnormal liver biochemistries (AST > 40 U/L, ALT > 55 U/L, or ALP > 100 U/L) and biopsy-proven NRH were offered TE (N = 12). CVID patients without NRH (defined as no abnormal liver biochemistries (N = 4) or abnormal liver biochemistries biopsied negative for NRH (N = 2)) were offered TE. At the time of initial enrollment, CVID participants had not received active immunosuppressive therapy for an end-organ lymphoinfiltrative disease related to CVID. One CVID patient with NRH did receive a single dose of abatacept therapy (500 mg intravenously) 1 month prior to the time of TE. One CVID patient with NRH was on chronic mycophenolate mofetil (1,000 mg twice daily) for neuromyelitis optica. The remainder of the CVID participants received no B-cell or T-cell suppressive therapy in the 6 months prior to the time of TE. A total of N = 527 patients with NAFLD were included in a comparator cohort. Exclusion criteria were any evidence of hepatitis virus infection (defined as a positive viral load by PCR), alcoholic cirrhosis, and/or moderate ascites at the time of imaging. Additionally, in the NAFLD cohort, previously diagnosed autoimmune hepatitis was an exclusion criterion.



Measurement of Liver Stiffness

TE using FibroScan® was performed by a trained ultrasonographer who completed 10 serial measurements with a median score reported. The raw median score in kPa was used for all subsequent analyses. In CVID patients, a ROC curve was generated to define the most accurate diagnostic kPa cutoff for NRH. A cutoff of ≥7.5 kPa was also assessed given its clinical significance in determining elevated liver stiffness among patients diagnosed with NAFLD (24). Controlled attenuation parameter (CAP) values (dB/m) were evaluated to quantify the relationship between liver stiffness and hepatic steatosis in those patients (N = 10) who had this value calculated.



Liver Histopathology

Liver biopsy slides directly available at our institution were included in the histopathologic analysis (N = 7) and were reviewed by a gastrointestinal (GI) pathologist blinded to the TE data and the initial pathology report. H&E and trichrome-stained slides were reviewed for each case. Histopathology was deemed to be generally consistent, or not, with NRH and additionally was classified based on the following characteristics: the number of nodules identified (N), diameter of the largest nodule (mm), nodule length (mm), nodule density (nodules/10 mm of core length), thickest hepatic plate (N cell layers), sinusoidal dilatation (±), sinusoidal lymphocytosis (±), centrilobular fibrosis, and/or portal fibrosis. Fibrosis was graded as absent, focal, diffuse, bridging, or cirrhosis.



Collection and Definition of Clinical and Laboratory Data

Participants’ clinical data were extracted from the electronic medical record. For all CVID participants, this included a review of complete blood count (CBC) with differential and liver biochemistries (AST, ALT, ALP, gamma-glutamyl transferase (γ-GGT), total bilirubin, albumin, coagulation factors (prothrombin/partial thromboplastin time), and ammonia). Peak ALP was also recorded, included in the absence of other acute causes of elevation (e.g., infection and acute clinical decompensation). Patient immunophenotype was reviewed including immunoglobulin levels, peripheral flow cytometry including T-cell, B-cell, NK-cell, class-switched memory B-cell, and naïve/memory T-cell counts (absolute and relative percentages in peripheral blood) closest to the time of TE measurement. T-cell proliferation to mitogens, antigens, and anti-CD3 were also reviewed. Clinical parameters of liver disease were reviewed by the electronic medical recorded diagnosis, as follows: the presence of clinical portal hypertension, varices (grade 1–3), ascites (trace only), and/or peripheral edema. In individuals with transjugular liver biopsies, hepatic venous pressure gradient (HVPG) measurements were evaluated (N = 8). HVPG >5 and >10 mmHg were used to define any portal hypertension and clinically significant portal hypertension, respectively (25). In CVID participants with abdominal CT imaging available (N = 13), spleen size was measured using the largest anterior–posterior diameter on axial imaging, with those ≥12 cm considered enlarged (26). Four CVID participants had prior splenectomy and were excluded from this portion of the analysis. Prior infections specifically reviewed included hepatitis viruses (hepatitis A, B, and C), Epstein–Barr virus (EBV), cytomegalovirus (CMV), and Giardia. Autoinflammatory CVID complications were defined as the presence of autoimmune enteropathy, autoimmune cytopenias, chronic (>6 months) lymphadenopathy, and/or granulomatous–lymphocytic interstitial lung disease (GLILD). Route of replacement immunoglobulin and dose by body weight were also recorded.

CVID was subcategorized as complicated or uncomplicated. Complicated CVID was defined by the presence of any autoinflammatory clinical feature (described above) or the presence of a combined deficiency immunophenotype (class-switched memory B cells <2% of total CD19+ B cells and naïve CD4+CD45RA+ T cells <20% of total CD4+ T cells).

For all data recorded above, the measurement closest to the time of the TE was recorded. The median time from TE to liver biopsy was 359 days (Q1–Q3, 163–890 days), to immunoglobulin level was 162 days (72–408 days), to flow cytometry was 185 days (78–675 days), to liver biochemistry was 39 days (15–147 days), and to CBC was 49 days (28–112 days).



Statistical Analysis

Data are represented as means ± SD, median (Q1–Q3), or proportions unless otherwise noted. The relationship between liver stiffness with immunologic and clinical variables was measured using one-way ANOVA with Tukey’s post-hoc correction and simple linear regression. A Mood’s median test compared median liver stiffness measurements. The chi-square test and logistic regression were used to compare categorical data. To account for the small sample size, log transformation was applied to continuous variables and Fisher’s exact test to categorical variables when estimating p-values. If linear regression assumptions were not met after transformation, Spearman’s correlation was performed. Figures were created utilizing GraphPad Prism 9.3.1 (GraphPad Software, San Diego, CA, USA) or BioRender.com. Statistical analyses were completed with SAS 9.4 (SAS Institute, Cary, NC, USA); a two-tailed p-value of <0.05 was considered significant.




Results


Characteristics of Patients Who Underwent Transient Elastography

TE was performed at our single-center institute on 12 CVID patients with NRH, 6 CVID patients without NRH, and 527 non-CVID patients with NAFLD. The median age of all participants was 55 (Q1–Q3, 46–64) years, and 55.7% were female. There were no significant differences in age, race, and sex in the subgroups of CVID with NRH, CVID without NRH, and non-CVID with NAFLD. Within CVID subgroups, there was no significant difference between age at diagnosis and time from diagnosis to completion of liver stiffness measurement (Supplementary Table 1).

Immunophenotypes of CVID patients with and without NRH who underwent TE were evaluated (Supplementary Table 2). CVID patients with NRH had lower naïve CD4+CD45RA+ T cells, by both absolute count and percentage (84 vs. 276, cells/μl, 18% vs. 43%; p = 0.04). There were no significant differences in the remainder of lymphocyte subsets, immunoglobulin levels, or T-cell functional studies analyzed, although there was a trend towards lower class-switched memory B cells in CVID patients with NRH (1.4% vs. 3.1%; p = 0.11).

Clinical complications and immunoglobulin treatment differences among CVID patients with and without NRH who underwent TE were compared (Supplementary Table 3). A larger proportion of CVID patients with NRH had autoinflammatory complications compared to CVID patients without NRH (83% vs. 17%; p = 0.01). Specifically, CVID patients with NRH more often had additional diagnoses of GLILD and lymphadenopathy as compared to CVID patients without NRH (67% vs. 0%; p = 0.01, 58% vs. 0%; p = 0.04, respectively). In addition, there was a trend toward a higher dose per body weight of replacement immunoglobulin in those with NRH, compared to those without (mean 699 vs. 485, mg/kg/month; p = 0.05). Consistent with these immunophenotypic and clinical data, all (N = 12) CVID patients with NRH met the classification for complicated CVID, while only 1 of 6 CVID patients without NRH similarly met the classification for complicated CVID (Supplementary Table 1).

Finally, we compared markers of liver disease in CVID patients with and without NRH who underwent TE (Supplementary Table 4). We identified higher levels of AST (54 vs. 26, U/L; p < 0.01), ALP proximal to TE (250 vs. 100, U/L; p = 0.03), peak ALP (314 vs. 114, U/L; p = 0.02), albumin (4.3 vs. 3.9, g/dl; p = 0.02), and total bilirubin (0.75 vs. 0.35, mg/dl; p = 0.01) in CVID patients with diagnosed NRH compared to those without NRH. Several markers of portal hypertension additionally were associated with diagnosed NRH, including increased splenic longitudinal diameter (16.6 vs. 11.2, cm; p = 0.02), presence of any grade varices (67% vs. 0%; p = 0.04), and clinical portal hypertension diagnosed in the electronic medical record (83% vs. 0%; p < 0.01).



Patients With Common Variable Immunodeficiency and Nodular Regenerative Hyperplasia Have Elevated Liver Stiffness by Transient Elastography

Next, we compared measures of liver stiffness by TE among CVID patients with and without NRH. As an additional disease comparator, we included a cohort of patients followed up at our center for NAFLD, a disease where TE is already used in routine clinical diagnosis. We identified a significantly higher measure of liver stiffness in CVID patients with NRH compared to CVID patients without NRH and non-CVID patients with NAFLD (Figure 1). CVID participants with diagnosed NRH had a mean liver stiffness of 13.2 (± 6.2) kPa and a median liver stiffness of 11.9 (8.4–18.1) kPa. In contrast, CVID participants without NRH had a mean liver stiffness of 4.6 (± 0.9) kPa and median liver stiffness of 4.6 (4.1–5.3) kPa (p = 0.01, CVID with NRH vs. without NRH). Finally, non-CVID NAFLD patients had a mean liver stiffness of 6.9 ( ± 5.5) kPa and median liver stiffness of 5.5 (4.3–7.1) kPa (p < 0.01, CVID with NRH vs. NAFLD). Liver stiffness was positively correlated with CAP measurements, although this relationship was not significant (r = 0.53; p = 0.12) (Supplementary Figure 1).




Figure 1 | Liver stiffness by transient elastography is significantly elevated in CVID patients with NRH. Liver stiffness measurements (kPa) by transient elastography shown as mean (± SD) in CVID patients with biopsy-proven NRH (CVID + NRH, N = 12), CVID patients without NRH (CVID, N = 6), and non-CVID patients with non-alcoholic fatty liver disease (NAFLD, N = 527). Significance by one-way ANOVA with Tukey’s post-hoc correction; *, p = 0.01; **, p < 0.01. Red dotted line indicates a diagnostic cutoff value for liver stiffness of 6.2 kPa (defined using the ROC curve in Figure 4). CVID, common variable immunodeficiency; NRH, nodular regenerative hyperplasia; ROC, receiver operating characteristic.





Liver Stiffness by Transient Elastography Does Not Correlate With Any Specific Histopathologic Feature of Nodular Regenerative Hyperplasia Among Common Variable Immunodeficiency Patients

NRH has been associated with a diverse spectrum of histopathologic findings (27, 28). A detailed review of liver histopathology was performed to determine which specific features may be driving the observed increased measure of liver stiffness in CVID patients with NRH. Using blinded scoring, we did not observe any appreciable association between liver stiffness measurements and nodule size, nodule density, fibrosis, or sinusoidal lymphocytosis (Figure 2). A composite score of these histopathologic variables was created to minimize redundancy and maximize concordance during interpretation. Again, there was no significant association between composite scoring and liver stiffness measurements by TE.




Figure 2 | Liver stiffness by transient elastography does not correlate with specific histopathologic features of NRH in CVID patients. Liver stiffness measurements (kPa) by transient elastography compared across histopathologic features of NRH in CVID patients with available liver biopsy (N = 7), including size of largest nodule (A), nodule density (B), centrilobular fibrosis (C), and sinusoidal lymphocytosis (D). Significance by one-way ANOVA with Tukey’s post-hoc correction or Spearman’s correlation (r) with significance (p) shown. Line of best fit (A, B) and mean value (C, D) are shown. NRH, nodular regenerative hyperplasia; CVID, common variable immunodeficiency.





Liver Stiffness by Transient Elastography Significantly Correlates With Portal Hypertension Among Common Variable Immunodeficiency Patients

As we observed no association between histopathologic features and liver stiffness by TE in CVID patients with NRH, we alternatively evaluated whether the observed increased liver stiffness in this population was driven by the severity of physiologic portal hypertension.

Among all CVID participants, patients with clinical evidence of portal hypertension were found to have significantly higher liver stiffness measurements by TE. Specifically, there was a significant association between liver stiffness and splenic longitudinal diameter (r = 0.61; p = 0.03), presence of grade 1–3 varices (mean kPa 16.5 vs. 6.4, median kPa 17.6 vs. 5.8; p < 0.01), and presence of peripheral edema (mean kPa 18.4 vs. 8.7, median kPa 19.6 vs. 6.6; p = 0.03, p=0.07, respectively). Additionally, liver stiffness was higher among CVID patients with diagnosed portal hypertension, either clinically (mean kPa 14.2 vs. 5.4, median kPa 13.3 vs. 5.1; p < 0.01) or by increased HVPG (mean kPa 15 vs. 7.7, median kPa 13.1 vs. 5.5; p < 0.01) (Figure 3, Table 1). In contrast, CAP measurements by TE did not significantly differ across clinical parameters of portal hypertension (Supplementary Table 5).




Figure 3 | Liver stiffness by transient elastography correlates with clinical parameters of portal hypertension in CVID patients. Liver stiffness measurements (kPa) by transient elastography compared across clinical parameters of portal hypertension in CVID patients, including splenic longitudinal diameter (A, N = 13 scored), presence of varices (grade 1–3) (B, N = 18 scored), presence of peripheral edema (C, N = 18 scored), elevated (>10 mmHg) hepatic venous pressure gradient (HVPG) (D, N = 8 scored), and clinically diagnosed portal hypertension in the electronic medical record based on any combination of these data (E, N = 18 scored). Significance by one-way ANOVA with Tukey’s post-hoc correction or Spearman’s correlation (r) with significance (p) shown. Line of best fit (A) and mean value (B–E) are shown. CVID, common variable immunodeficiency.




Table 1 | Liver stiffness by transient elastography correlates with clinical markers of portal hypertension.



Given the higher prevalence of complicated CVID in patients with versus without NRH who underwent TE, we evaluated if other clinical parameters correlated with the measure of liver stiffness in this patient demographic. The presence of CVID-related autoinflammatory disease was not associated with higher liver stiffness by TE. Specifically, there was no difference in a mean or median liver stiffness between CVID patients with GLILD, lymphadenopathy, enteropathy, or cytopenias. Additionally, liver stiffness values did not differ based on the history of GI infection or type of replacement immunoglobulin received (Table 1).



Liver Stiffness and Alkaline Phosphatase Have Utility in the Diagnosis of Nodular Regenerative Hyperplasia Among Common Variable Immunodeficiency Patients

Previously, an ALP level in peripheral blood >1.5 times the upper limit of normal was suggested as a useful marker in the diagnostic workup of NRH for CVID patients, specifically to prompt further liver biopsy (7). We sought to comparatively analyze the diagnostic utility of liver stiffness by TE versus ALP in our cohort of CVID patients with and without NRH. We created ROC curves for liver stiffness (kPa) and ALP (proximal to the time of TE and peak level) (Figure 4). Liver stiffness had robust ROC curve parameters, with an area under the curve (AUC) of 0.99 (95%CI 0.97–1) and a cutoff of 6.2 kPa demonstrating excellent performance by sensitivity and specificity for prediction of NRH in CVID. ROC curves for proximal ALP and peak ALP were both adequate diagnostic tests, albeit with lower AUCs of 0.85 (95%CI 0.67–1) and 0.86 (95%CI 0.69–1), respectively. An ALP of 154 U/L (proximal) and 157 U/L (peak) had a sensitivity of 100% for the detection of NRH in CVID, although lacked specificity (58% and 67%, respectively).




Figure 4 | Receiver operating characteristic (ROC) curves for the diagnosis of NRH in CVID patients. ROC curves for (A) liver stiffness by transient elastography, (B) alkaline phosphatase (ALP) level in peripheral blood most proximal to the time of transient elastography, and (C) peak ALP level in peripheral blood, excluding acute illness, to diagnose NRH in patients with CVID. AUC, area under the curve; NRH, nodular regenerative hyperplasia; CVID, common variable immunodeficiency.



Finally, we analyzed peripheral blood immunophenotypes and liver biochemistries, comparing the liver stiffness cutoffs of 6.2 kPa (defined by our ROC above) and 7.5 kPa [a threshold for increased liver stiffness previously used in NAFLD (24)] (Tables 2, 3). CVID patients with ≥6.2 kPa had significantly lower mean absolute CD4+CD45RA+ naïve T cells (82 vs. 241 cells/μl; p = 0.04), higher AST levels (53 vs. 33 U/L; p = 0.04), and higher ALP levels (proximal, 259 vs. 107 U/L; p = 0.04; peak, 328 vs. 121 U/L; p = 0.01). The only significant comparisons using a cutoff of ≥7.5 kPa were albumin, which was lower (3.8 vs. 4.3 mg/dl) in the high kPa group, and peak ALP, which was higher (335 vs. 138 U/L) in the high kPa group. Otherwise, there were no significant differences in immunoglobulin levels, lymphocyte subsets, or liver biochemistries between the two groups. Together, these data suggest that a liver stiffness measurement by TE of ≥6.2 kPa is an accurate diagnostic cutoff for NRH in patients with CVID. We developed a clinical algorithm for the early detection of NRH in patients with CVID utilizing this diagnostic cutoff (Figure 5).


Table 2 | Relationship between peripheral blood immunophenotypes and liver stiffness cutoffs for NRH in CVID patients.




Table 3 | Relationship between liver biochemistries and liver stiffness cutoffs for NRH in CVID patients.






Figure 5 | Clinical algorithm for early detection of nodular regenerative hyperplasia in individuals with CVID. CVID, common variable immunodeficiency; ULN, upper limit normal.






Discussion

This study demonstrates the utility of TE in diagnosing NRH among patients with CVID. While prior investigations have analyzed the relationship between TE and liver disease in CVID, this is the first study to our knowledge to do so in those with biopsy-confirmed NRH.

It has been established that liver stiffness measurements are elevated in CVID-related liver disease. Crescenzi et al. previously investigated TE in CVID patients with liver disease demonstrating a mean liver stiffness of 7.5 kPa, with 75% of participants meeting the definition of complicated CVID used in this study. In the absence of enteropathy or polyclonal lymphoproliferation, the mean liver stiffness appeared to be below 6.2 kPa (22). Prior studies have also demonstrated an association of elevated liver stiffness with CVID phenotypes such as polyclonal lymphoproliferation (GLILD, persistent lymphadenopathy, and granuloma) and enteropathy, as well as markers of portal hypertension (e.g., splenic longitudinal diameter) (5, 7, 22). The most established predictor of NRH in CVID is an elevated ALP level, although any of the liver biochemistry tests may be abnormal. Ward et al. eloquently demonstrated that ALP levels in NRH can follow several different patterns, the most common being a steady increase over time, and this generally starts several years after CVID diagnosis (7). Importantly, 30% or more of patients with liver disease in CVID may have normal liver biochemistries (29). It is known that liver disease in CVID is a poor prognostic indicator and that NRH specifically is associated with portal hypertension complications such as hemoptysis and ascites (4, 5, 22).

In this study, we identified significantly elevated liver stiffness by TE in CVID patients with NRH compared to both CVID patients without NRH and non-CVID patients with NAFLD. Interestingly, we did not find a statistically significant association between histopathologic features of NRH on liver biopsy and liver stiffness by TE in our CVID patient demographic. This is consistent with other studies of NRH in non-CVID populations, where liver stiffness by TE has not been associated with specific histopathologic features (14). This lack of concordance between NRH histopathology on biopsy and liver stiffness by TE could be due to multiple factors including limited consensus criteria in the histopathologic definition of NRH or adequacy of biopsy samples (28). In contrast, we did demonstrate a significant association between liver stiffness by TE and several clinical measures of portal hypertension in this study. These data suggest that TE has specific utility in identifying progression to portal hypertension among CVID patients with NRH, which is of great clinical importance given the concomitant increase in CVID patient morbidity and mortality associated with this clinical progression (4, 22).

There are several limitations and sources of bias to consider in this study. While all eligible CVID participants with NRH were recruited, not all of those without NRH participated in the study. This may introduce selection bias in that CVID patients without NRH who consented to be included may be different from those who did not. This study is also cross-sectional in nature, and liver stiffness levels were not followed up over time, limiting causal inference. Furthermore, the study population was relatively small with recruitment from an academic tertiary care center, limiting statistical power and adding to potential selection bias or increasing type I error. Given the rarity of CVID, though, this is not unexpected and is a difficult limitation to overcome. It is important to note that four participants had splenectomy before this study, and thus, splenic diameter measurements were unavailable. As those with prior splenectomy likely had severe disease, censoring these patients in our analysis would have biased results towards the null, minimizing an association. While we did incorporate a comparison between liver stiffness by TE in those with CVID and NAFLD, mean liver stiffness measurements in NAFLD participants were below the established threshold of clinically significant fibrosis. We were unable to correlate liver stiffness measurements in those with NAFLD to the extent of fibrosis on biopsy given our data set. The influence of steatosis and other pathologic processes unrelated to NRH on liver stiffness measurements is difficult to measure and must be acknowledged as well. We attempted to correlate CAP as a surrogate of hepatic steatosis to liver stiffness and markers of portal hypertension, and while there did seem to be a positive correlation, this was not statistically significant, which we believe was due to the small sample size. Finally, most participants with NRH in this study had severe disease, with evident portal hypertension. It is therefore difficult to make conclusions related to the utility of TE as a predictor of early NRH. Future studies investigating the impact of early NRH diagnosis and the impact of underlying complicated CVID features in those without liver disease will be of great importance.

The current standard of care in patients with CVID and NRH suffers from diagnostic delays and treatments that carry high morbidity and mortality (i.e., transplant) (10, 11). TE is a potentially helpful tool for the diagnosis and monitoring of liver disease through the progression of disease and response to treatment in NRH. Based on the findings in this study, we propose an algorithm that utilizes CVID immunophenotype, liver biochemistries, and liver stiffness by TE to stratify NRH risk among CVID patients. Specifically, for patients with features consistent with complicated CVID, we proposed that any abnormal liver biochemistry measurement should trigger the measurement of liver stiffness by TE. Furthermore, the patient should be referred to hepatology for consideration of liver biopsy if either of the following criteria are met: the measure of liver stiffness by TE is at or above 6.2 kPa or the ALP level (peak) is >1.5× the upper limit of normal (Figure 5). Future prospective studies are needed and should incorporate individuals with elevated ALP and uncomplicated CVID. Recognition of early disease, as well as confirmatory biopsy, has the potential to improve our ability to recognize and/or prognosticate regarding the timing of complications, such as portal hypertension, in CVID patients with NRH. As immunomodulatory therapies become increasingly available for the treatment of immune dysregulation in CVID, there is an opportunity for improved treatment and management as our understanding of the disease process that leads to elevated liver stiffness in NRH improves.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

This study was performed at Mass General Brigham under an Institutional Review Board-approved protocol (#2011P000940). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

DD wrote the manuscript and performed the chart review and statistical analyses on the cohort. JS, PB, and KC provided patients from the gastroenterology clinic, as well as clinical expertise. RC reviewed liver biopsy histopathology and provided expertise in the creation of biopsy scoring for NRH. NY performed the chart review. JF conceived the project and supervised all aspects of the work. SB and JF provided expertise in immunology. All authors reviewed the manuscript, approved the final manuscript as submitted, and agree to be accountable for all aspects of the work.



Funding

SB is supported by the National Institute of Allergy and Infectious Diseases of the National Institutes of Health under Award Number K23AI163350.



Acknowledgments

The authors would like to thank the MGH Department of Gastroenterology for providing the clinical resources to perform TE on study participants. The authors would also like to thank Paul Hesterberg, David Pyle, Lacey Robinson, Anna Wolfson, and Vikram Deshpande for their contributions.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.864550/full#supplementary-material

  


  

Abbreviations

CVID, common variable immunodeficiency; NRH, nodular regenerative hyperplasia; NAFLD, non-alcoholic fatty liver disease; kPa, kilopascal



References

1. Bonilla, FA, Barlan, I, Chapel, H, Costa-Carvalho, BT, Cunningham-Rundles, C, de la Morena, MT, et al. International Consensus Document (ICON): Common Variable Immunodeficiency Disorders. In: Journal of Allergy and Clinical Immunology: In Practice, vol. 4. Milwaukee, WI: American Academy of Allergy, Asthma and Immunology (2016). p. 38–59. doi: 10.1016/j.jaip.2015.07.025

2. Farmer, JR, Ong, MS, Barmettler, S, Yonker, LM, Fuleihan, R, Sullivan, KE, et al. Common Variable Immunodeficiency Non-Infectious Disease Endotypes Redefined Using Unbiased Network Clustering in Large Electronic Datasets. Front Immunol (2018) 8. doi: 10.3389/fimmu.2017.01740

3. Bonilla, FA, Khan, DA, Ballas, ZK, Chinen, J, Frank, MM, Hsu, JT, et al. Practice Parameter for the Diagnosis and Management of Primary Immunodeficiency. J Allergy Clin Immunol (2014) 136(5):1186–205.e78. doi: 10.1016/j.jaci.2015.04.049

4. Pecoraro, A, Crescenzi, L, Varricchi, G, Marone, G, and Spadaro, G. Heterogeneity of Liver Disease in Common Variable Immunodeficiency Disorders. Front Immunol (2020) 11. doi: 10.3389/fimmu.2020.00338

5. Fuss, IJ, Friend, J, Yang, Z, He, JP, Hooda, L, Boyer, J, et al. Nodular Regenerative Hyperplasia in Common Variable Immunodeficiency. J Clin Immunol (2013) 33(4):748–58. doi: 10.1007/s10875-013-9873-6

6. Crotty, R, Taylor, MS, Farmer, JR, Kakar, S, Yilmaz, F, Ardeniz, Ö, et al. Spectrum of Hepatic Manifestations of Common Variable Immunodeficiency. Am J Surg Pathol (2020) 44(5):617–25. doi: 10.1097/PAS.0000000000001452

7. Ward, C, Lucas, M, Piris, J, Collier, J, and Chapel, H. Abnormal Liver Function in Common Variable Immunodeficiency Disorders Due to Nodular Regenerative Hyperplasia. Clin Exp Immunol (2008) 153(3):331–7. doi: 10.1111/j.1365-2249.2008.03711.x

8. Malamut, G, Ziol, M, Suarez, F, Beaugrand, M, Viallard, JF, Lascaux, AS, et al. Nodular Regenerative Hyperplasia: The Main Liver Disease in Patients With Primary Hypogammaglobulinemia and Hepatic Abnormalities. J Hepatol (2008) 48(1):74–82. doi: 10.1016/j.jhep.2007.08.011

9. Resnick, ES, Moshier, EL, Godbold, JH, and Cunningham-Rundles, C. Morbidity and Mortality in Common Variable Immune Deficiency Over 4 Decades. Blood (2012) 119(7):1650–7. doi: 10.1182/blood-2011-09-377945

10. Azzu, V, Elias, JE, Duckworth, A, Davies, S, Brais, R, Kumararatne, DS, et al. Liver Transplantation in Adults With Liver Disease Due to Common Variable Immunodeficiency Leads to Early Recurrent Disease and Poor Outcome. Liver Transplant (2018) 24(2):171–81. doi: 10.1002/lt.24979

11. Tranah, TH, Cargill, Z, Tavabie, O, Mufti, G, Aluvihare, V, Sanchez-Fueyo, A, et al. Challenges in Liver Transplantation for Common Variable Immunodeficiency-Related Liver Disease: A Case Series and Systematic Review. J Liver Transplant (2021) 4:100038. doi: 10.1016/j.liver.2021.100038

12. von Spee-Mayer, C, Echternach, C, Agarwal, P, Gutenberger, S, Soetedjo, V, Goldacker, S, et al. Abatacept Use Is Associated With Steroid Dose Reduction and Improvement in Fatigue and CD4-Dysregulation in CVID Patients With Interstitial Lung Disease. J Allergy Clin Immunol  Pract (2021) 9(2):760–770.e10. doi: 10.1016/j.jaip.2020.10.028

13. Gereige, JD, and Maglione, PJ. Current Understanding and Recent Developments in Common Variable Immunodeficiency Associated Autoimmunity. Front Immunol (2019) 10:2753. doi: 10.3389/fimmu.2019.02753

14. Laharie, D, Vergniol, J, Bioulac-Sage, P, Diris, B, Poli, J, Foucher, J, et al. Usefulness of Noninvasive Tests in Nodular Regenerative Hyperplasia of the Liver. Eur J Gastroenterol Hepatol (2010) 22(4):487–93. doi: 10.1097/MEG.0b013e328334098f

15. Hartleb, M, Gutkowski, K, and Milkiewicz, P. Nodular Regenerative Hyperplasia: Evolving Concepts on Underdiagnosed Cause of Portal Hypertension. World J Gastroenterol (2011) 17(11):1400–9. doi: 10.3748/wjg.v17.i11.1400

16. Mayor, PC, Eng, KH, Singel, KL, Abrams, SI, Odunsi, K, Moysich, KB, et al. Cancer in Primary Immunodeficiency Diseases: Cancer Incidence in the United States Immune Deficiency Network Registry. J Allergy Clin Immunol (2018) 141(3):1028–35. doi: 10.1016/j.jaci.2017.05.024

17. Ophir, J, Ccspedes, I, Ponnekanti, H, Yazdi, Y, and Li, X. Elastography: A Quantitative Method for Imaging the Elasticity of Biological Tissues. Ultrason Imaging (1991) 13:111–34. doi: 10.1177/016173469101300201

18. Lim, JK, Flamm, SL, Singh, S, Falck-Ytter, YT, Gerson, L, Hirano, I, et al. American Gastroenterological Association Institute Guideline on the Role of Elastography in the Evaluation of Liver Fibrosis. Gastroenterology (2017) 152(6):1536–43. doi: 10.1053/j.gastro.2017.03.017

19. Foucher, J, Chanteloup, E, Vergniol, J, Castéra, L, le Bail, B, Adhoute, X, et al. Diagnosis of Cirrhosis by Transient Elastography (FibroScan): A Prospective Study. Gut (2006) 55(3):403–8. doi: 10.1136/gut.2005.069153

20. Hashemi, S-A, Alavian, S-M, and Gholami-Fesharaki, M. Assessment of Transient Elastography (FibroScan) for Diagnosis of Fibrosis in Non-Alcoholic Fatty Liver Disease: A Systematic Review and Meta-Analysis. Caspian J Internal Med (2016) 7(4):242–52.

21. Eddowes, PJ, Sasso, M, Allison, M, Tsochatzis, E, Anstee, QM, Sheridan, D, et al. Accuracy of FibroScan Controlled Attenuation Parameter and Liver Stiffness Measurement in Assessing Steatosis and Fibrosis in Patients With Nonalcoholic Fatty Liver Disease. Gastroenterology (2019) 156(6):1717–30. doi: 10.1053/j.gastro.2019.01.042

22. Crescenzi, L, Pecoraro, A, Fiorentino, A, Poto, R, Varricchi, G, Rispo, A, et al. Liver Stiffness Assessment by Transient Elastography Suggests High Prevalence of Liver Involvement in Common Variable Immunodeficiency. Dig Liver Dis (2019) 51(11):1599–603. doi: 10.1016/j.dld.2019.05.016

23. Chalasani, N, Younossi, Z, Lavine, JE, Charlton, M, Cusi, K, Rinella, M, et al. The Diagnosis and Management of Nonalcoholic Fatty Liver Disease: Practice Guidance From the American Association for the Study of Liver Diseases. Hepatology (2018) 67(1):328–57. doi: 10.1002/hep.29367

24. Wong, VW-S, Vergniol, J, Wong, GL-H, Foucher, J, Chan, HL-Y, le Bail, B, et al. Diagnosis of Fibrosis and Cirrhosis Using Liver Stiffness Measurement in Nonalcoholic Fatty Liver Disease. Hepatol (Baltimore Md) (2010) 51(2):454–62. doi: 10.1002/hep.23312

25. Bochnakova, T. Hepatic Venous Pressure Gradient. Clin Liver Dis (2021) 17(3):144–8. doi: 10.1002/cld.1031

26. Robertson, F, Leander, P, and Ekberg, O. Radiology of the Spleen. Eur Radiol (2001) 11(1):80–95. doi: 10.1007/s003300000528

27. Wanless, IR. Micronodular Transformation (Nodular Regenerative Hyperplasia) of the Liver: A Report of 64 Cases Among 2,500 Autopsies and a New Classification of Benign Hepatocellular Nodules. Hepatol (Baltimore Md) (1990) 11(5):787–97. doi: 10.1002/hep.1840110512

28. Jharap, B, van Asseldonk, DP, de Boer, NKH, Bedossa, P, Diebold, J, Jonker, AM, et al. Diagnosing Nodular Regenerative Hyperplasia of the Liver Is Thwarted by Low Interobserver Agreement. PloS One (2015) 10(6):e0120299. doi: 10.1371/journal.pone.0120299

29. Azzu, V, Fonseca, M, Duckworth, A, Kennard, L, Moini, N, Qurashi, M, et al. Liver Disease Is Common in Patients With Common Variable Immunodeficiency and Predicts Mortality in the Presence of Cirrhosis or Portal Hypertension. J Allergy Clin Immunol:  Pract (2019) 7(7):2484–6.e3. doi: 10.1016/j.jaip.2019.04.016



Author Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health.


Conflict of Interest: JF holds investigator-initiated grants from Bristol Myers Squibb and Pfizer with no direct relation to the work presented.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 DiGiacomo, Shay, Crotty, Yang, Bloom, Corey, Barmettler and Farmer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-864550-g001.jpg
Liver Stiffness (kPa)

20

15

10

“c]¢

0

CVID CVID + NRH NAFLD





OEBPS/Images/fimmu-13-864550-g004.jpg
100

ROC: Liver Stiffness (kPa)

50 100
100% - Specificity%

Sensitivity _ Specificity

< 5.550 833 100|
< 6.200 100 917|
< 7.150 100 833

IAUC 0.99 95% CI0.97-1

ROC: Alkaline Phosphatase (U/L, Proximal)

100

2
£

—

0 50 100
100% - Specificity%
Sensitivity _ Specificity

< 103.0 66.7 917
< 106.5 66.7 833
<1005 83.3 75)
<130.0 83.3 66.7
<150.0 833 58.3
<154.0 100 58.3
AUC 0.85 95%CI10.67-1

Cc

ROC: Alkaline Phosphatase (U/L, Peak)

100
=
z

= 50
2
&

0

0 50 100
100% - Specificity%

Sensitivity _ Specificity
<1155 50 917|
<1165 50 75
<1340 833 75
<1515 833 66.7)
<157.0 100 66.7)
AUC 0.86  95%CI 0.69-1






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Liver Stiffness by Transient Elastography Correlates With  Degree of Portal Hypertension in Common Variable Immunodeficiency Patients With Nodular Regenerative Hyperplasia

      

        		

          Introduction

        



        		

          Methods

        

          		

            Participants

          



          		

            Measurement of Liver Stiffness

          



          		

            Liver Histopathology

          



          		

            Collection and Definition of Clinical and Laboratory Data

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Characteristics of Patients Who Underwent Transient Elastography

          



          		

            Patients With Common Variable Immunodeficiency and Nodular Regenerative Hyperplasia Have Elevated Liver Stiffness by Transient Elastography

          



          		

            Liver Stiffness by Transient Elastography Does Not Correlate With Any Specific Histopathologic Feature of Nodular Regenerative Hyperplasia Among Common Variable Immunodeficiency Patients

          



          		

            Liver Stiffness by Transient Elastography Significantly Correlates With Portal Hypertension Among Common Variable Immunodeficiency Patients

          



          		

            Liver Stiffness and Alkaline Phosphatase Have Utility in the Diagnosis of Nodular Regenerative Hyperplasia Among Common Variable Immunodeficiency Patients

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Immunoglobulins [mean (mg/dl)]
IgG
16A
IgM
Flow cytometry [mean (cells/pl), %]
CD3+
CD4+
CD8+
CD3-CD16+56+
CD4+CD45RA+
CD4+CD45RO+
CD8+CD45RA+
CD8+CD45RO+
CD19+
CD19+CD27+
CD19+CD27+gM/IgD—

kPa > 6.2

1038
39
315

1319, 72
857, 46
407,21
188, 11
82,17
530, 77
136, 54
92, 36
616, 15
17,9
17,15

kPa <6.2

943
85
43

1041, 70
770, 51
239, 17
181, 12
241,38
318, 55
167, 66
62, 27

223, 16
54, 21

6.5,2.6

p-Value

0.63
0.19
017

0.71
047
0.87
0.42
0.043
0.88
0.234
0.84
0.92
0.14
0.28

kPa>75

1029
42
323

1401, 73
917, 47
428, 21
175,8
91,19
560, 75
148, 59
87,32
676, 16
18,7
18,08

kPa<75

967
76
66

973, 69
708, 47
232,17
199, 15
201, 32
308, 62
148, 57
74,34
197, 14
47,23
57,34

p-Value

0.50
0.29
0.35

0.99
0.80
0.77
0.21
0.54
0.78
0.96
0.77
0.73
0.18
0.33

Significance by one-way ANOVA shown.

CVID, common variable immunodeficiency; NRH, nodular regenerative hyperplasia; kPa, kilopascal.

*T-cell function excluded as N = 6-12 missing for each variable.





OEBPS/Images/fimmu.2022.864550_cover.jpg
’ frontiers | Frontiersin Immunology

Liver Stiffness by Transient
Elastography Correlates With
Degree of Portal Hypertension in
Common Variable Immunodeficiency
Patients With Nodular Regenerative
Hyperplasia





OEBPS/Images/fimmu-13-864550-g002.jpg
A

. . : sinusoidal
nodule size nodule density fibrosis lymphocytosis

> & p

. B L. 7] = 5], B2
§szl ey l ' i—f i%
L 1T e x/,f/ —





OEBPS/Images/table3.jpg
kPa > 6.2 kPa <6.2 p-Value kPa>75 kPa <75 p-Value
Liver biochemistries*
AST (UL) 53 33 0.04 52 36 0.12
ALT (U/L) 43 30 0.32 44 30 0.31
ALP (U/L, proximal) 259 107 0.04 259 126 0.1
ALP (U/L, peak) 328 121 0.01 335 138 0.03
¥-GGT (UL~ 151 518 0.18 293 168 0.66
Albumin (g/dl) 3.9 4.2 01 3.8 4.3 0.01
Total bilirubin (mg/dl) 0.73 0.44 0.08 0.76 0.43 0.05
PT/PTT
Abnormal (%) 9 0 1 10 0 1

Significance by one-way ANOVA shown.

CVID, common variable immunodeficiency; NRH, nodular regenerative hyperplasia; kPa, kilopascal.
*Ammonia level not collected on any participants.
“»GGT, N = 7 participants with data.





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-864550-g005.jpg
Has autoinflammatory features? and/or
Combined immunodeficiency phenotype?

Uncomplicated CVID Complicated CVID*

Abnormal Liver Biochemistry Normal Liver Biochemistry Abnormal LiverBiochemistry** Is ALP >1.5xULN?

R epeat every 1-3 months Standard monitoring*** Transient elastography

R eferral to Hepatology for

(— ** i = HARK
ALP >/=1.5x ULN Transient elastography kPa >/= 6.2 consideration ofliver Bispsy

*C omplicated CVID: autoinflammatory complications (polyclonal lymphoproliferation, enteropathy, cytopenias), switched memory B cells <2%, CD45RA+CD4+ T cell <20%
**Abnormal liver biochemistry includes following values above range of normal: ALP, GGT, AST, ALT
***S tandard monitoring: Laboratory testing every 6-12 months
****C utoff based on ROC curve for TE in this manuscript
Abbreviations: ALP: alkaline phosphatase; AS T: aspartate aminotransferase; ALT: alanine aminotransferase; GG T: gamma-glutamyl transferase

CVID: common variable immunodeficiency; kP a: kilopascals






OEBPS/Images/table1.jpg
Clinical parameters of portal hypertension
Splenic longitudinal diameter
>12.cm
<12cm
Splenectomy
Yes
No
Hepatic venous pressure gradient
>5 mmHg
<56 mmHg
>10 mmHg
<10 mmHg
Varices
Yes
No
Ascites
Yes
No
Edema
Yes
No
Clinical portal hypertension
Yes
No
Autoinflammatory comorbidity
Yes
No
GLILD
Yes
No
Lymphadenopathy
Yes
No
Enteropathy
Yes
No
Cytopenia
Yes
No
Gastrointestinal infection
Yes
No
Replacement immunoglobulin
SCIG
VG

kPa (mean)

121
5.8

14.5
9.1

15

7.7
17.4
7.9

16.5
6.4

16.4
91

18.4
8.7

14.2
5.4

1.3
8.8

1A
9.7

124
9.0

131
9.5

10.3
10.3

126
9.8

9.2
"

p-Value

0.04

0.13

<0.01

<0.01

<0.01

0.08

0.03

<0.01

0.22

0.41

017

0.36

0.78

0.47

0.54

kPa (median)

1381
53

1241
6.2

1381
55
18.5
55

17.6
58

135
6.6

19.6
6.6

13.3
5.1

9.6
53

9.4
55

10.7
58

10.2
7.2

10.4
7.9

9.2
7.9

5.8
91

p-Value

0.1

0.27

<0.01

0.02

<0.01

0.07

0.07

<0.01

0.16

0.36

0.16

0.27

0.64

CVID, common variable immunodeficiency; NRH, nodular regenerative hyperplasia; kPa, kilopascal: GLILD, granulomatous lymphocytic interstitial lung disease; SCIG, subcutaneous

immunoglobulin; IVIG, intravenous immunoglobulin.





OEBPS/Images/fimmu-13-864550-g003.jpg
8 ] e
w (eadt) ssouyns Jon]

Clinical Portal Hypertension

S
S
¢
i
(-3 o
E
E
. .o £
S
*
i __ . o
-4
>
z
& Y £y
- ] S
[a] (edpl) ssouyns JoAr
=
3
S

] g
(] (ed¥) ssouyns seAr]

p=<0.01

Varices

2 o ° °
4

Liver Stiffness (kPa)






