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Abstract

:

Simple Summary


Chronic lymphedema in the arm is a rather common side-effect of breast cancer treatment and its prevention is desired. The most important and evidence-based treatment of arm lymphedema is daily use of a compression sleeve. In our previous randomized controlled trial, it was shown that early treatment with a compression sleeve in compression class 1 in mild arm lymphedema can prevent progression for 6 months. The aim of the present study was to follow the progression/no progression for 12 months. It was revealed that the results from the 6-month intervention were persistent at 9- and 12-months follow-up. Therefore, it can be concluded that a compression sleeve (compression class 1) may be applied immediately after early diagnosis of lymphedema to prevent progression and to avoid mild arm lymphedema becoming chronic.




Abstract


Background: In our previous randomized controlled trial (RCT), the progression/no progression of mild breast cancer-related arm lymphedema (BCRL) was examined among women randomized to a compression group (CG) with a compression sleeve (compression class (ccl) 1) or not (NCG) for 6 months. In the present prospective study, BCRL in the CG and NCG was followed for 12 months. Methods: At the end of the RCT, 33 women with mild BCRL were eligible in the CG and 37 in the NCG. The proportional differences in no progression/progression of BCRL were defined as a >2% increase from start of RCT or exceeding 10% in the lymphedema relative volume as measured by the water displacement method. In addition, changes in the lymphedema relative volume and tissue dielectric constant ratio, which measures local tissue water, were examined. At the end of the RCT (i.e., after 6 months), a one-month break of the compression treatment was made in the CG. If the lymphedema relative volume progressed by definition, the compression treatment was resumed and continued, with follow-up of all women at 9 and 12 months. Results: A larger proportion of women in the NCG showed progression (57%, 61%, 67%) compared to the CG (16%, 22%, 31%) at 6, 9, and 12 months (p < 0.001, 0.005, 0.012), respectively. Twelve (33%) women in the NCG did not progress at all. No changes of the lymphedema relative volume and local tissue water were found over time at any follow-ups, but were stable on a low level. Conclusions: To avoid the progression of mild BCRL into a chronic issue in the long-term, compression sleeve ccl 1 may be applied immediately after early diagnosis of mild BCRL.
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1. Introduction


During the last few decades, the survival rate of cancer has improved, but has also left an increasing number of patients suffering from side-effects from cancer treatments, such as lymphedema. Breast cancer-related lymphedema (BCRL) is characterized by a swelling of the arm, hand, or breast, or at the trunk close the axilla. Although non-invasive surgery is increasingly performed for breast cancer and provides fewer morbidities [1], the risk factors for BCRL include more extensive surgery (axillary lymph node dissection, greater number of lymph nodes dissected, mastectomy), radiotherapy, and a higher body mass index (BMI) [2]. Other potential risk factors are chemotherapy, a sedentary lifestyle [2], and a genetic predisposition [3]. The reported incidence of BCRL varies depending on the definitions and measuring methods used. In a cross-sectional study, Johansson & Branje [4] identified women with BCRL in a surveillance program of breast cancer patients with axillary dissection and found an incidence of 38.7% over a 10 year-period, whereas Kilgore et al. found an incidence of 34% over 2 years [5]. The standard treatment of mild arm lymphedema encompasses wearing a compression garment during the daytime and providing information about self-care, such as exercise, weight control, skin care, and self-massage. Of these components, compression therapy is shown to be the most important to reduce the lymphedema volume [6].



Lymphedema is considered to be a chronic condition and progression can be expected without treatment [7]. However, even with treatment, some mild cases may develop severe lymphedema [8]. Several studies have shown that early diagnosis and treatment is important to prevent progression [9,10]. However, a recent RCT including 143 patients with mild BCRL defined by a relative arm volume increase (RAVI) failed to show a preventive effect of a 1-year compression treatment at a 2-year follow-up [11]. Some studies indicate that it is the edema volume at the start of treatment that is the most important predictive factor for the treatment outcome [4,12,13]. However, in mild BCRL, the lymphedema can be local [14] or segmental [15]. When lymphedema starts, it is local because of dermal backflow [16], which develops due to lymphatic obstruction. When pressure rises in the vessels, the fluid flows backwards into the dermal lymphatic capillaries [17]. The lymph fluid then leaks out into the dermal tissue. The use of a tissue dielectric constant makes it possible to identify local lymphedema earlier [16] as compared to the lymphedema relative volume in 45% of patients at risk for BCRL [18]. Therefore, intervention can start earlier, regardless of the initial lymphedema volume. In our recent RCT [19], it was revealed that the proportion of patients with progression was much smaller for the group using compression sleeves for 6 months (16%), compared to the controls wearing no compression (57%). Currently, there is limited knowledge about the long-term effect of early treatment with a compression sleeve. Therefore, the aim of the present study was to examine (i) the proportional difference in progression/no progression of arm lymphedema in mild BCRL and (ii) the changes in arm volume and local tissue water at 9- and 12-months follow-up, when treated with compression sleeve or not for 6 months.




2. Method


2.1. Study Design


This is a prospective, observational, multicentre study of 9- and 12-months follow-up in women with mild BCRL that were randomized to use a compression sleeve or not for 6 months.




2.2. Participants


Seventy-five women treated for unilateral breast cancer with axillary node dissection and diagnosed with mild arm lymphedema at the Lymphedema Unit, Skåne University Hospital and at the Physiotherapy Cancer Unit, Karolinska University Hospital, Sweden, had been included in our prior RCT. The women were excluded if they had recurrent cancer, concurrent diseases, cognitive impairments, or were unable to speak or understand the Swedish language [19].




2.3. Ethical Approval


The study was approved by the Regional Ethical Board, Lund University, Sweden, Dnr: 2014/399. All the participants provided informed consent and the data were collected from September 2014 to October 2019.




2.4. Procedures


The women had been called for routine clinical follow-up visits in a surveillance program [19,20]. Mild arm lymphedema was defined as palpated increased skin and subcutis thickness of the affected arm compared with the non-affected arm [4,18,21], in addition to either a threshold tissue dielectric constant ratio (≥1.45 in the upper arm and/or ≥1.3 in the forearm) [22] and/or lymphedema relative volume ≥ 5 to ≤8% [23,24]. When mild arm lymphedema was diagnosed, the women were included in the RCT [19].




2.5. Randomization


The 75 women with mild BCRL were randomized to treatment for 6 months with compression or not, referred to as the compression group (CG) or the non-compression group (NCG). The procedure is explained more in detail elsewhere [19].




2.6. Description of the Interventions


All the patients were given routine educational strategies, including brief information of the function of the peripheral lymph system and impairments caused by surgery and irradiation, as well as advice about self-care, including exercise, weight control, skin care, and self-massage. The information provided about exercise was based on recommendations for cancer survivors with the purpose of reducing the risk for recurrence of cancer [25,26]. To avoid weight gain and skin infections, which can potentially worsen lymphedema, advice about weight control and skin care were also given [27,28]. The education was given both orally at a face-to-face session and written in a leaflet.



To perform self-massage, the women were taught to apply light strokes to the shoulder and arm for about 10–15 min a day with the intention to reduce their symptoms, such as a feeling of tightness and pain, based on the gate control theory [29]. If the self-massage was perceived as effective, the participants were encouraged to continue, and if not, they stopped [19]. The CG also received circular knit compression sleeves in compression class (ccl) 1 or, if needed, individually adjusted compression sleeves (ccl 2) for daily wearing for six months. Thereafter, the wearing of the compression sleeve was reduced to half a day for two weeks, and then no sleeve for another two weeks. If the lymphedema volume at this timepoint had increased in the lymphedema relative volume ≥ 2% from start of the RCT, the compression treatment was resumed and continued. During the RCT or follow-up, if the women in the NCG increased in the lymphedema relative volume ≥ 2%, they began to wear a compression sleeve. The threshold of 2% was chosen as the minimal detectible change of lymphedema and is shown to be 1.0%, as measured by the water displacement method [30,31]. If the lymphedema relative volume exceeded ≥ 10% for any woman in any group, they were excluded from the study and received extended treatment. The thresholds of 5–10% for minimal lymphedema is recommended by the International Society of Lymphology [32].




2.7. Background Data


At the start of the RCT, data of surgical and adjuvant treatments were retrieved from the participants’ medical records, and their BMI was calculated and recorded. The women responded to a study-specific questionnaire with questions regarding age, education level, and marital status.




2.8. Primary Outcome


The primary outcome was the proportional difference between the CG and NCG showing progression/no progression (increase in the lymphedema relative volume ≥ 2% from start of the RCT or exceeding ≥10%) at end of the 6-month RCT, and 9 and 12 months after start of the RCT.




2.9. Secondary Outcomes


The secondary outcomes were the differences between the CG and NCG in terms of the changes of the lymphedema relative volume and tissue dielectric constant ratio, from the start of the RCT until the end of the 6-month RCT, and at 9 and 12 months.




2.10. Measurements


The arm volume and local tissue water were measured at the start and end of the RCT, and at 9 and 12 months. Self-care, including weight control, the use of a compression garment, frequency of self-massage, and level of physical activity/exercise, was monitored during the 12 months.



2.10.1. Arm Volume


The arm volume was measured with the1 water displacement method by lowering the arm into a container filled with water with the elbow extended and the hand placed on the bottom of the container. The lymphedema relative volume was obtained by calculating the percentage difference in the lymphedema volume between the affected and non-affected arm. The measurements of the lymphedema relative volume were adjusted by −1.5% if present in the dominant arm and +1.5% if present in the non-dominant arm [33]. The water displacement method has been shown to be reliable (intraclass correlations of 0.99) with small measurement errors (SEM of 0.1%) [30,31].




2.10.2. Local Tissue Water


The local tissue water was evaluated by the MoistureMeterD and MoistureMeterD compact (MMDC) (Delfin Technologies Ltd., Kuopio, Finland). A low-intensity 300MHz signal is transmitted from the probe in contact with the skin. Based on information from the reflected wave, a tissue dielectric constant value is calculated. The probe has a penetration depth of 2.5 mm and corresponds to a maximum of 78.5% of pure water content based on the percentage of water content in the body. The presented tissue dielectric constant ratios are approximately the same as the new device MMDC, corresponding to a maximum of 100% pure water content based on a 100% scale [34]. Each site was measured once [35] at six points: 5 cm proximal and 5 cm distal to the antecubital fossa (medial, frontal, and lateral). If lymphedema was palpated more proximally or distally in the arm, complementary measurements were made 15 cm proximal or distal to the antecubital fossa. A significant positive correlation between arm tissue dielectric constant ratios and arm volume (p < 0.001, r = 0.690) has been reported [36].




2.10.3. Self-Care


At 12-months follow-up, the body weight was noted. Additionally, the use of a compression garment was rated on a three-point scale (not at all, half the day, or the whole day) the frequency of performed self-massage was rated on a four-point scale (no massage, seldom, two-three times a week, or every day) and the physical activity level/exercise during the last four weeks was rated by the participants on a six-point scale (from sedentary to high physical activity) [37].





2.11. Statistical Power and Analysis


The power calculation for the RCT (a power of 0.85 at p ≤ 0.05 level of significance) showed that 80 participants should be included. In the present study, descriptive statistics are presented as mean ± SD for continuous values and as a number and proportion for categorical variables. The differences between the groups were calculated with a t-test for continuous data, and Fisher–Freeman–Halton exact test or Pearson Chi square test for nominal data. The tissue dielectric constant data (not normally distributed) are presented as both median (min–max) and mean ± SD, and the differences between the groups were calculated with Mann–Whitney’s test. The women who exceeded a lymphedema relative volume ≥ 10% were not included in the analyses of lymphedema relative volume and tissue dielectric constant ratio after the timepoint of exceedance. Statistical analyses were carried out in IBM SPSS Statistics 28 and a significance level of p < 0.05 (two-tailed) was chosen.





3. Results


At the start of the RCT, 75 women were included. However, during the trial, five women were excluded mainly due to a recurrence of the cancer disease, and 70 were finally randomized to the CG or NCG. One woman was lost to follow-up during the RCT, thus 69 women were available for data analysis at 6 months: 32 in the CG and 37 in the NCG (Figure 1).



3.1. Differences between the Groups at Start of the RCT and at 12-Months Follow-Up


The basic data of the groups are presented in Table 1. At start of the RCT, the women in the CG and NCG were comparable in data except for surgery. In the CG, 61% had surgery with mastectomy, compared to 35% in the NCG (p = 0.033) (Table 1). At the start of the RCT, the lymphedema relative volume in the CG/NCG were, on average, 4.4 ± 3.1%/3.8 ± 3.5% (Table 2), and the highest tissue dielectric constant ratios were 1.53 ± 0.21/1.51 ± 0.30, respectively (Table 3), with no differences between the groups. No changes in BMI were found from start of the RCT (mean (SD) in the CG 26.1(4.8)/NCG 27.2(5.4)) to 12-months follow-up (CG 26.1(4.6)/NCG 26.4(5.2)), and there were no differences between the groups concerning physical activity/exercise or frequency of self-massage.




3.2. Use of Compression Sleeves


At the start of the RCT, all the women in the CG were treated with ready-made compression sleeves (ccl 1), except four women who received individually adjusted sleeves (ccl 2), and all received two pieces each. In nine women, the hand was also affected, and a compression glove was prescribed. After 6 months, 92% of women in the CG stated that they used the sleeve the whole day, and 8% half the day. After the end of the RCT, the CG stopped the compression treatment and 22 (69%) showed no increase of the lymphedema relative volume (≥2%) or exceeded ≥10% and continued without compression to the 12-month follow-up. The corresponding number in the NCG was 12 (33%) (Figure 1). At 12-months follow-up, four women in each group used arm sleeve ccl 2, and five in the NCG and six in the CG used gloves.




3.3. Primary Outcome


Proportion of Progression/No Progression of BCRL for 12 Months


In Figure 1, the proportion of women with progression/no progression of BCRL for 12 months is presented. A significantly larger proportion in the NCG than in the CG shows progression of BCRL at all follow-ups compared to the start of the RCT. At 6 months from the start of the RCT, 5/32 (16%) in the CG showed progression, compared to 21/37 (57%) in the NCG (p = 0.001). At 9 months from the start of the RCT, 7/32 (22%) in the CG showed progression, compared to 22/36 (61%) in the NCG (p = 0.005). At 12 months, 10/32 (31%) in the CG showed progress compared to 24/36 (67%) in the NCG (p = 0.012).





3.4. Secondary Outcomes


3.4.1. Lymphedema Relative Volume for 12 Months


At the start of the RCT, there was no difference between the groups in the lymphedema relative volume. At 6 months, the CG had a lower lymphedema relative volume compared to the NCG (p = 0.004), but not at 9 and 12 months.



At 6 months, compared to the start of the RCT, the mean lymphedema relative volume decreased −3.8% in the CG, and increased +0.1% in the NCG (p < 0.001). No differences between the groups were found at 9 and 12 months (Table 2).




3.4.2. Changes in Local Tissue Water for 12 Months


The measurement point for the highest ratio at the start of the RCT was followed, and no differences were found between the CG and the NCG at any time point (Table 3).






4. Discussion


To the best of our knowledge, this is the first study evaluating the long-term results from a 6-month RCT including women with early and mild BCRL based on the evaluation of two properties of lymphedema, namely local tissue water and volume change. The study aimed to investigate the proportion of women showing progression/no progression of BCRL after treatment with compression garments or not. We found that the results from the RCT concerning the differences in proportions between the groups, which favor the CG, were persistent at the 9- and 12-month follow-ups.



The proportions of women with progress were significantly larger at 9- and 12-months follow-ups in the NCG compared to the CG. A better result for the CG was found despite a greater number of women with mastectomy in the CG, which is considered a risk factor for lymphedema. In addition, most of the women in the CG stopped wearing compression after 6 months of treatment (i.e., at the end of the RCT), which might have had a potential negative influence on lymphedema.



This may suggest that early compression treatment is beneficial compared to delayed treatment, that is, to start with compression immediately when lymphedema is detected and not only when deterioration is found. These results are consistent with the findings in the study by Akita et al., who diagnosed early BCRL based on the classification of different lymph flow patterns with indocyanine green lymphography and started compression therapy. An improvement in lymphatic function, presented as change to a less severe class or into the normal class, was confirmed at 5.0 ± 2.1 months after onset in 31% of the patients, and did not recur during 10.4 ± 5.4 months [38]. The study was not an RCT, but the results indicate that compression therapy may decrease fluid filtration into the tissue [39], thereby reducing the burden on the lymphatic system, which may support faster recovery compared to no compression treatment.



On the other hand, as no controls were included in the study by Akita et al. [38], the findings may also show a normal procedure of restoration of the lymphatics. This may explain why 33% in the NCG in the present study showed no progression during 12-months of follow-up. The finding is in line with results from a study using multi-frequency bioimpedance spectroscopy (BIS) L-Dex to measure mild BCRL, which demonstrated that an increase in BIS at 6 months did not predict lymphedema at 24 months [13]. Further research is needed to investigate normal regeneration, as well as the impact of compression treatment for prevention and early treatment of BCRL.



The important finding that 33% of the women in the NCG showed no progression must be considered in all research on the prevention and treatment of early mild lymphedema. Regression of lymphedema, particularly in the first year after surgery, has also been noted by others. Kilbreath et al. diagnosed BCRL with BIS and found that some BCRL lymphedema was transient and only 23% of participants still had lymphedema 15 months after surgery [40], which left 77% without lymphedema, compared to 33% at 12 months in the present study. However, the BIS method has been found to be less sensitive than the tissue dielectric constant applied in the present study, and may therefore show false negative values [21], which may explain the larger proportion of no lymphedema.



Others have obtained good results of early treatment of mild BCRL, but with only one-month intervention and no long-term follow-up [41]. However, in our 6-month RCT evaluating early treatment with a compression sleeve [19], the largest improvement occurred after the first month, but with a continuing decrease of the lymphedema relative volume from mean 4.4% at the start to 0.7% after 6 months (Table 2). Furthermore, in a retrospective study, Johansson and Branje [4] included 70 women with BCRL, treated them with a compression sleeve, and found a decrease in the lymphedema relative volume from a mean 8.6% at the start to 7.3% after 12 months. Therefore, it is likely that the largest effect is found during the first months of compression treatment. Additionally, in the present study, only 15% (from 16% at 6 months to 31% at 12 months; see Figure 1) in the CG showed progression after having stopped wearing the compression sleeve. It is therefore reasonable to believe that the treatment period should be about 6 months and will be enough in most cases. However, the optimal duration is most likely individual, depending on the local conditions, in particular the disturbance of the lymph flow with more or less spread of dermal backflow in the subcutaneous tissue [17]. The most relevant clinical care must therefore include applying compression for 6 months, then a stepwise reduction of the use of compression to determine who should continue with compression and who can be without.



Although the present study shows that wearing a compression sleeve has an impact on the progression of BCRL, a recently published larger (n = 143) study failed to demonstrate the same [11]. An important difference between the two studies may be that only the arm volume was used for the diagnosis of mild BCRL. We know by now that both the tissue dielectric constant ratio and the lymphedema relative volume must be applied, as they measure different aspects of edema [21]. A measurement of the local tissue water can determine the diagnosis at a very early stage, earlier than by an arm volume measurement alone [19]. This very early diagnosis may have increased the potential to influence, for example, the dermal backflow, as discussed above.



The water displacement method is considered to be the “gold standard” in arm lymphedema measurements [42]. However, calculation of the limb volume using circumference measurements every 4th or 8th centimeter along the limb [43] is another reliable method for extremity volume measurements. It is probably the most widely used method, as it requires cheaper equipment, but it is more time-consuming than the water displacement method. Concerning the tissue dielectric constant measurements, evaluating the local tissue water by lymphfluoroscopy can detect local lymphedema in the subcutaneous tissue. However, lymphfluoroscopy cannot quantify lymphedema, but rather determines the stages [17], and therefore cannot be used easily for the evaluation of treatment. The same goes for palpation of increased subcutaneous tissue compared to the healthy side. Palpation can be applied for the detection of early lymphedema [4,16], but it cannot be used for the evaluation of treatment, as it is not, in practice, possible to palpate small changes.



The women were educated in self-care, including information about exercise, weight control, skin care, and self-massage. It can be argued that education may influence lymphedema. However, at 12-months follow-up, there were no differences between the groups concerning their exercise level, BMI, or self-massage. Regarding exercise, it should also be noted that the lymph system works differently compared to the blood system by pumping fluid on its own through a great number of lymphangions [39]. The lymph system may therefore also react differently due to exercise and need another kind of approach. This is maybe why a recent meta-analysis of exercise for the treatment of cancer-related lymphedema including more than 600 participants failed to show any improvement in lymphedema [44]. Another part of the self-care program is self-massage with light strokes over the arm and shoulder for the purpose of decreasing symptoms, such as pain and tightness, based on the gate effect theory. A special massage method to stimulate lymph drainage with light massage using certain grips was developed especially for the lymph system and has been used as a treatment for many years. However, it has been shown in several meta-analyses that manual lymph drainage has no effect on lymphedema [6,45,46], even when it is guided by lymphflouroscopy, which highlights where the lymph flow could be increased by massage [47]. Therefore, we believe that neither exercise nor light massage had the potential to influence lymphedema in the present study.



The fact that no differences between the groups were found in relatively small-volume lymphedema at 9 and 12 months, and that the mean lymphedema relative volume was small, may have several explanations. Firstly, most women in the CG stopped wearing the compression sleeve after 6 months (the end of the RCT) and did not progress, but maintained lower levels of lymphedema. Secondly, the women in the CG that progressed after one month of no compression started to wear the sleeve again, stopping the progression. The entire CG showed no progress compared to values found before the start of the RCT (4.4% to 4.2%). Thirdly, the women in the NCG who received compression treatment if they increased >2% in the lymphedema relative volume (i.e., a delayed treatment) showed no progression after the delay compared to the start of the RCT (2.9% to 3.0%). Fourthly, the rest of the NCG did not progress, but were stable. The entire NCG showed no progression from the reported values before start of the RCT. However, it must be taken into account that more women in the NCG exceeded the lymphedema relative volume of 10% and dropped out. Nevertheless, this procedure shows that all the women that progressed within the lymphedema relative volume of 10% and needed compression received sufficient treatment, and those who did not progress could continue without compression, whether they belonged to the CG or to the NCG from the start.



The International Lymphedema Framework recommends the use of low compression (14–18 mmHg) for mild upper limb lymphedema with no shape distortion [48]. In the present study, most of the women with mild BCRL were prescribed a round knit arm sleeve in ccl 1 (15–21 mm Hg). During the RCT, the compression treatment resulted in a significant decrease in the lymphedema relative volume and the adherence to wearing the compression sleeve was good, indicating that a ccl 1 sleeve is sufficiently effective and well-tolerated [19].



Although the present study showed that 69% of the women in the CG could discontinue wearing the compression sleeve after 6 months and 33% of the women in the NCG did not need compression at all, compression treatment is the most important of all conservative lymphedema treatment methods [6]. An optimal compression garment and compliance are very important to improve patient outcomes. However, it can be a challenge for the lymphedema therapist to motivate patients with mild arm lymphedema to use compression for a longer time when they have no or minor experiences with symptoms in the arm. In a qualitative study of 16 women receiving lymphedema treatment, it was revealed that some women stopped using the compression garment by their own initiative due to problems with the arm sleeve or because of stabilization of the lymphedema. In addition, the appearance of the limb and comments from others reduced the patients’ motivation to use a compression garment [49]. Considering these results, it may be easier to motivate the patient to use compression only for 6 months to begin with, and then evaluate whether it is needed further or not.



At the 12-month follow-up, 12% of the women in the CG had exceeded the lymphedema relative volume of ≥10% compared to 20% in the NCG. We consider these women to have irreversible lymphedema. In a 5-year follow-up of mild BCRL by Bar Ad et al., it was found that 21% progressed after 4 years or longer [8], meaning that progression can occur even after several years in a stable condition. We found that women in the present study progressed over time. A total of 37% women exceeded the lymphedema relative volume ≥ 2% from the start of the RTC or lymphedema relative volume ≥ 10%, and of these, 19% wore compression arm sleeves. Bundred et al. also found that progression to moderate lymphoedema occurred in 15% patients even after sleeve application [13]. Zaleska et al. [50] used indocyanine green near-infrared lymphangiography to investigate the effect of treatment with bandaging. They found that bandaging was effective in moving edema fluid, but in some cases, no improvement was seen despite applying high compression force with the bandaging [50]. The non-responsiveness to compression treatment can perhaps be explained by individual variation in dermal backflow and the restoration of lymphatic pathways after surgery. Suami et al. examined patients after axillary surgery with lymphangiography and indocyanine green fluorescence lymphography and found that different patterns of lymphatic drainage may determine the severity of lymphedema [51].



The risk that progression may occur in mild BCRL after a longer period of no compression calls for providing information to women about signs and self-measurements so that they can detect progression themselves. For the group of women that progress despite using compression, further monitoring is necessary, including proper treatment with optimal compression and self-care. They must be carefully followed by objective measurements until progression is stopped, and, in the best-case scenario, the lymphedema volume is reduced.




5. Strength and Limitations


The strength of the study is that we have gained more knowledge about the benefit of compression/no compression on BCRL over a longer perspective. Additionally, the groups were well-matched and there was a high level of compliance regarding wearing arm sleeves. The measurements with the water displacement method and tissue dielectric constant were coordinated and almost all the measurements were performed by the same two experienced lymphedema therapists, with few missing data. The power analysis for the RCT revealed that 80 participants should be included. Finally, 75 were included due to limit of time, and 68 (CG, n = 32/NCG, n = 36) were eligible for analysis at the 12-month follow-up. However, as there were significant results with low p-values for the primary outcome at all follow-ups, we consider the power to be acceptable. Another limitation was related to ethical considerations. Because some women in the NCG had to start treatment (47%) but were included in analysis, and some were excluded after the time-point when the lymphedema relative volume exceeded ≥ 10% (20%), in the results may be insignificant. However, for ethical reasons, we had to undertake these procedures in order to avoid risking any further progression of the lymphedema.




6. Conclusions


After 6 months of treatment with a compression sleeve or not, a significantly larger proportion of women in the NCG showed progression of mild BCRL compared to the CG at the 9- and 12-month follow-ups. However, more than 30% of the NGC did not progress at all. No changes of the lymphedema relative volume and local tissue water were found at any follow-ups, but were stable at a low level. To avoid the progression of mild BCRL into a chronic condition, a compression sleeve ccl 1 may be applied immediately after early diagnosis, when the BCRL still is mild.
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Figure 1. Flowchart of randomization to compression group (CG) or no compression group (NCG) and primary outcome being the proportional difference between the groups, showing progression/no progression of mild breast cancer-related lymphedema for a 6-month intervention and at follow-ups. No progression = Lymphedema relative volume did not increase ≥2% compared to start of RCT or exceed ≥10%. LRV = lymphedema relative volume, including all women showing progress by an increase ≥2% compared to start of RCT or exceeding ≥10%. * Indicates differences between groups, calculated by Fisher–Freeman–Halton exact test or Pearson Chi square test. 
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Table 1. Basic data for women with mild breast cancer-related arm lymphedema (n = 70) at start of randomized controlled trial, in compression group (CG), and non-compression group (NCG).
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CG

n = 33

	
NCG

n = 37

	
p-Value *






	
Age in years at diagnosis, mean (SD)

	
57.9(13.8)

	
57.0(12.5)

	
0.795




	
BMI kg/m2, mean (SD)

	
26.1(4.8)

	
27.2(5.4)

	
0.390




	
Surgery

	

	

	
0.033




	
Mastectomy and ALND, n (%)

	
20(61)

	
13(35)




	
Lumpectomy and ALND, n (%)

	
13(39)

	
24(65)




	
Lymph nodes

	

	

	




	
Removed at surgery, mean (SD)

	
14.9(5.8)

	
16.0(5.5)

	
0.397




	
With metastasis, mean (SD)

	
2.3(3.0)

	
2.6(2.4)

	
0.655




	
Adjuvant treatment

	

	

	




	
Radiotherapy, n (%)

	
32(97)

	
37(100)

	
0.471




	
Chemotherapy, n (%)

	
27(82)

	
33(89)

	
0.499




	
Hormone therapy, n (%)

	
25(76)

	
28(76)

	
0.994




	
Affected side

	

	

	




	
Right/left, n

	
18/15

	
19/18

	
0.789




	
Dominant a, n (%)

	
19(58)

	
17(47)

	
0.390




	
Lymphedema

	

	

	




	
Time from surgery to onset, months, mean (SD)

	
6.1(5.5)

	
6.6(5.2)

	
0.721




	
Duration, months, mean (SD)

	
1.0(1.3)

	
1.0(1.5)

	
0.834




	
In hand, self-rated a, n (%)

	
9(27)

	
9(25)

	
0.830








ALND: axillary node dissection. * Significance level 0.05, t-test for continuous data, Pearson Chi-square test or Fisher’s exact test for nominal data. a Missing value: 1.
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Table 2. Lymphedema relative volume (LRV) in women with mild breast cancer-related arm lymphedema at 6-, 9-, and 12-months follow-up after being randomized to compression group (CG) or non-compression group (NCG), (n = 70).
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	LRV % a
	CG
	NCG
	p-Value *





	At start of RCT
	n = 33
	n = 37
	



	Mean ± SD
	4.4 ± 3.1
	3.8 ± 3.5
	0.456



	At 6 months
	n = 30
	n = 33
	



	Mean ± SD
	0.7 ± 3.0
	3.6 ± 4.5
	0.004



	Change from start
	
	
	



	Mean diff (CI)
	−3.8 (−5.0 to −2.5)
	0.1 (−1.1 to 1.2)
	<0.001



	At 9 months
	n = 30
	n = 28
	



	Mean ± SD
	3.2 (3.3)
	3.5 (5.0)
	0.799



	Change from start
	
	
	



	Mean diff (CI)
	−1.3 (−2.7 to 0.1)
	0.2 (−1.3 to 1.7)
	0.143



	At 12 months
	n = 30
	n = 25
	



	Mean ± SD
	4.2 (3.6)
	2.6 (4.2)
	0.143



	Change from start
	
	
	



	Mean diff (CI)
	−0.3 (−1.8 to 1.1)
	−0.4 (−1.9 to 1.0)
	0.900







* Significance level 0.05, independent t-test. a Adjusted with +1.5%, if surgery in non-dominant side and −1.5% if surgery in dominant side. Women were not included in analysis after the time-point when LRV exceeded ≥ 10%.
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Table 3. Tissue dielectric constant (TDC) ratio in women with mild breast cancer-related arm lymphedema at 6-, 9-, and 12-months follow-up after being randomized to compression group (CG) or non-compression group (NCG), (n = 70).
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	TDC a
	CG
	NCG
	p-Value *





	At start of RCT
	n = 33
	n = 37
	



	Median (min–max)
	1.50 (1.09 to 1.96)
	1.55 (1.05 to 2.15)
	0.805



	Mean ± SD
	1.53 ± 0.21
	1.51 ± 0.30
	



	At 6 months
	n = 29
	n = 31
	



	Median (min–max)
	1.12 (0.77 to 1.84)
	1.18 (0.91 to 1.90)
	0.689



	Mean ± SD
	1.23 ± 0.24
	1.28 ± 0.29
	



	Change from start
	
	
	



	Median diff (min–max)
	−0.28 (−1.04 to 0.30)
	−0.16 (−1.00 to 0.40)
	0.375



	Mean diff (CI)
	−0.29 (−0.39 to −0.20)
	−0.25 (−0.36 to −0.13)
	



	At 9 months
	n = 28
	n = 27
	



	Median (min–max)
	1.18 (0.73 to 2.14)
	1.24 (0.97 to 1.74)
	0.266



	Mean ± SD
	1.21 ± 0.29
	1.26 ± 0.22
	



	Change from start
	
	
	



	Median diff (min–max)
	−0.32 (−0.91 to 0.29)
	−0.21 (−1.15 to 0.50)
	0.567



	Mean diff (CI)
	−0.31 (−0.42 to −0.20)
	−0.27 (−0.40 to −0.14)
	



	At 12 months
	n = 29
	n = 25
	



	Median (min–max)
	1.12 (0.96 to 2.35)
	1.21 (0.76 to 1.80)
	0.340



	Mean ± SD
	1.19 ± 0.28
	1.23 ± 0.26
	



	Change from start
	
	
	



	Median diff (min–max)
	−0.33 (−0.82 to 0.68)
	−0.32 (−1.15 to 0.30)
	0.709



	Mean diff (CI)
	−0.33 (−0.45 to −0.21)
	−0.32 (−0.46 to −0.17)
	







* Significance level 0.05, Mann–Whitney U-test. a The site for the highest ratio at start was followed. Women were not included in analysis after the time-point when LRV exceeded ≥ 10%.
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